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ABSTRACT 


Stabilization  of  less  stable  materials  with  the  use  of 
various  admixtures  has  begun  to  play  an  important  part  in  highway 
construction. 

In  this  study  an  highly  plastic  clay  was  stabilized  with 
the  combined  use  of  asphalt  and  lime.  The  clay  was  pretreated 
with  lime  prior  the  addition  of  asphalt. 

The  test  program  investigated  the  strength  of  these 
mixtures  after  7  and  28  days  curing  at  room  temperature,  and  1 
day  of  soaking . 

The  loss  in  strength  of  the  compacted  samples  and 
resistance  to  water  for  immersion  periods  of  7  and  14  days  were 
also  determined. 

The  unconfined  compressive  strength  of  2-in.  by  4-in. 
specimens  was  performed  by  using  the  Tinius  Olsen  hydraulic 
testing  machine. 

It  was  found  that  pretreating  periods  were  detrimental 
in  terms  of  strength,  density  and  swell,  but  were  beneficial  to  the 
break  down  of  clay  clods  which  facilated  the  final  mixing. 

It  was  also  found  that  water  resistant  properties  were 
improved  and  strengths  were  reduced  by  gradually  increasing 


asphalt  content. 


'  n  «8-  ;  on  -:ind 


■  n;  -  :  ;■  ■■  •.  'i.-r  ■.  -  •  , 


:  -  b9Jnqn:Q3  sa  3to  a’-  a  -ol  .... 


■  iO  j  to:1  ■■  ,r  . 


. 


1  auinxT  30!  a  i  vc  b :  n-i  ■  n  .  ,v  ea&ml  jq.j 

frni-tf  c< ixw  j)nfi393 


RESUME 


La  stabilisation  des  matdriaux  moins  permanents 
avec  l'emploi  de  diverses  additions  a  commence  k  jouer  an  rQle  im¬ 
portant  dans  la  construction  de  nos  routes. 

Dans  cette  etude,  une  argile  trbs  plastique  etait  sta¬ 
bilised  avec  l'emploi  combine'  de  I'asphalte  et  de  la  chaux.  L'argile 
etait  anterieurement  traitde  avec  la  chaux  avant  l'addition  de  l'as- 
phalte. 


Le  programme  d'essai  recherchait  la  resistance  de 
ces  melanges  apres  des  pdriodes  de  curage  de  7  et  28  jours  a  la 
temperature  de  la  chambre,  et  1  jour  de  trempage. 

Les  pertes  de  solidite  des  d’chantillons  compactds, 
et;  de  resistance  h  1'eau,  pour  des  pdriodes  d'immersion  de  7  et 
14  jours  etaient  aussi  ddtermind'es . 

La  resistance  *a  la  compression  sans  contrainte  latd- 
rale  des  specimens  de  2-po.  par  4-po.  e'tait  accomplie  en  utilisant 
la  machine  d'essai  Tinius  Olsen. 

II  fut  trouve  que  les  periodes  de  traitement  etaient 
nuisibles  en  ce  qui  concernaient  la  resistance,  le  poids  volumetrique, 


et  1'augmentation  en  volume,  mais  etaient  avantageuses  pour  briser 
les  mottes  argileuses,  ce  qui  facilitaient  le  dernier  melange. 

II  fut  aussi  trouve  que  les  propriete's  de  resistance  a 


l'eau  etaient  am61iore'es  et  la  force  des  specimens  etait  diminue'e 
par  1'augmentation  graduelle  de  la  quantite'  d'asphalte. 
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CHAPTER  I 


INTRODUCTION 

Since  the  beginning  of  modern  road  construction,  highway 
engineers  have  strived  continously  to  produce  better  pavements  at 
lower  costs.  Improvements  of  locally  available  materials  by  the 
addition  of  binders  is  one  very  promising  approach  to  the  problem 
of  increasing  shortages  of  high  quality  soils  and  aggregates. 
Puzinauskas  and  Kallas  (1961)  ^  in  discussing  this  method  have  sub¬ 
divided  possible  binder  materials  into  three  general  groups: 

The  first  group  comprises  cementing  materials  which 
may  include  portland  cements,  limes  and  acidic  phosporus  compounds. 

The  second  group  represents  materials  which  may  be 
added  to  the  soil  in  order  to  modify  it.  Modifiers  which  are  often 
used  include  limes,  calcium  or  sodium  chlorides,  and  a  number  of 
surface  active  materials. 

The  third  group  embraces  the  waterproofing  agents. 
Typical  representatives  of  this  group  are  asphalts,  certain  resinous 
materials  and  coal  tars. 


^References  are  cited  by  indicating  the  author  and  the 
year  of  publication.  The  references  are  contained  in  the  bibliography 
at  the  conclusion  of  this  thesis. 
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Asphalt  has  been  used  in  soil  stabilization  largely  because 
of  its  waterproofing  characteristics.  When  the  asphalt  is  mixed  with 
the  soil,  it  forms  a  very  thin  waterproofing  film  around  the  individual 
soil  grains  or  around  groups  of  soil  grains,  thereby  hindering  the 
penetration  of  water  into  the  stabilized  soil  mass. 

In  the  recent  years,  there  has  been  a  growing  interest  in 
the  use  of  lime  for  stabilizing  soils.  It  is  relatively  inexpensive  and 
can  often  be  used  to  produce  both  a  chemical  change  and  a  cementing 
action  that  will  improve  the  soil.  Research  and  field  experience  have 
shown  that  lime  treatments  of  clayey  soils  produce  beneficial  property 
changes.  Lime  assists  in  pulverizing  the  highly  cohesive  clays, 
thereby  increasing  their  workability. 

I.  1  THE  PURPOSE  OF  THIS  INVESTIGATION 

This  thesis  was  part  of  a  continuing  project  of  the  Co¬ 
operative  Highway  Research  Program  of  Alberta  studying  the  chemical 
stabilization  of  soil. 

This  particular  study  deals  with  lime-asphalt  stabili¬ 
zation  of  a  highly  plastic  clay  soil.  The  purpose  of  the  l;fne  was  to 
assist  in  pulverizing  the  highly  plastic  clay,  which  could  then  be 
made  more  water  resistant  by. the  addition  of  asphalt.  Since  the 
effectiveness  of  these  assumed  actions  was  not  known,  the  principal 


questions  to  be  investigated  were: 
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1.  Is  the  pretreatment  with  lime  effective  in  reducing  the 
plasticity  of  the  highly  plastic  clay,  thus  making  the  clay  more 
"workable"  ? 

2.  Is  the  addition  of  asphalt  beneficial  as  a  secondary 
additive  in  the  stabilization  of  highly  plastic  clay  modified  with  lime? 

1.2  OUTLINE  OF  THESIS 

Chapter  two  is  a  review  of  the  literature  pertaining  to 
lime  stabilization  of  clays.  A  brief  commentary  of  the  role  of 
asphalt  in  stabilization  is  also  presented. 

Chapter  three  describes  the  constituents  employed  in 
this  investigation,  followed  by  the  scope  of  the  testing  program  and 
procedures  used. 

Chapter  four  contains  results  and  comments  on  the  testing 
program  and  on  the  significance  of  the  tests. 

Chapter  five  is  reserved  for  the  conclusions  and  recommend¬ 
ations  arising  from  this  investigation. 

The  appendices  contain  data  sheets,  classification  tests, 
moisture- density- strength  relationships  on  the  pretreated  clay.  A 
special  study  concerning  lime- pozzolan  stabilization  of  a  medium- 
fine  sand  and  of  a  highly  plastic  clay  is  also  included.  This  particular 
investigation  involved  the  use  of  several  types  of  pozzolans,  including 
Drumheller  and  Forestburg  flyashes  and  processed  Diamond  City  Shale. 
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CHAPTER  II 

REVIEW  OF  THE  LITERATURE  PERTAINING  TO 

LIME  AND  ASPHALT  STABILIZATION  OF  CLAYS. 

Literature  reviews  dealing  with  clay-lime  mixtures  have 
been  made  by  Watt  (1961)  and  Hvozdanski  (1962),  therefo  re,  in  the 
following  paragraphs  only  the  more  important  properties  and  a  review 
of  subsequent  publications  will  be  related. 

II.  1  MECHANICS  OF  LIME  STABILIZATION 

When  lime  is  mixed  with  a  moist  soil,  several  types  of 
chemical  reactions  occur.  The  most  important  of  these  reactions  for 
stabilization  seem  to  fall  into  three  general  categories  that  are  (1) 
ion  exchange  and  flocculation,  (2)  cementing  action,  (3)  carbonation. 

Ion  Exchange  and  Flocculation 

When  lime  is  added  to  a  moist  cohesive  soil  and  allowed 
to  cure  in  a  loose  condition  for  a  period  of  time  the  soil  becomes  more 
friable.  Herrin  and  Mitchell  (1961)  described  this  phenomenon  as  being 
due  to  one  of  the  following  two  conditions  or  possibly  to  a  combination 
of  them.  In  one,  a  base- exchange  reaction  takes  place  with  the  strong 
calcium  cations  of  the  lime  replacing  the  weaker  metallic  ions,  such 
as  sodium  and  hydrogen,  on  the  surface  of  the  clay  particle.  The 
second  process  is  the  crowding  of  additional  calcium  cations  of  the 
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lime  near  the  surface  of  the  clay.  These  processes  change  the  number 
of  electrical  charges  on  the  surface  of  the  clay  particle.  Because  the 
bond  between  two  clay  particles  is  dependent  upon  the  charge  and  the 
size  of  the  ions,  the  preponderance  of  the  divalent  calcium  ions  that 
have  replaced  the  univalent  ions  attract  the  soil  particles  together. 

As  this  reactions  takes  place  the  soil  becomes  more  friable  and  the 
plasticity  is  lowered. 

Cementing  Action 

The  calcium  in  the  lime  reacts  with  certain  soil  minerals 
to  form  new  compounds  which  produce  a  cementing  action  between  the 
soil  particles.  These  minerals  in  the  soil  that  react  with  lime  are 
known  as  pozzolans.  The  type  and  amount  of  pozzolans  and  thus  the 
amount  of  reactivity  with  the  lime  vary  from  soil  to  soil.  Usually 
this  lime-cementing  action  in  soil  is  a  slow  reaction. 

Carbonation 

This  third  reaction  occurs  when  the  lime  absorbs  the  carbon 
dioxide  from  the  air.  The  carbon  dioxide  reacts  with  calcium  hydroxide 
in  the  lime  to  form  calcium  carbonate.  These  carbonates  form  weak 


cements  and  deter  pozzolanic  action  and  prevent  normal  strength  gains. 
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II.  2  INFLUENCE  OF  TIME  BETWEEN  MIXING 
AND  COMPACTION  ON  PROPERTIES  OF  A 
LIME-STABILIZED  CLAY 

Effect  on  Density 

Mitchell  and  Hooper  (1961)  reported  that  a  stabilized 
clay-lime  mixture  decreased  in  density  with  increased  time  intervals 
between  mixing  and  compaction  when  the  same  compactive  effort  was 
used  for  the  preparation  of  the  specimens.  They  suggested  that  the 
main  factor  responsible  for  this  decrease  in  density  is  flocculation 
of  the  soil  structure,  which  increases  with  time  of  exposure  of  the 
soil  to  water  and  lime.  The  effect  of  greater  flocculation  is  to 
increase  the  resistance  to  compaction.  The  increase  in  intensity 
of  flocculation  with  time  after  lime  addition  may  be  attributed  to 
the  greater  time  available  for  lime  to  dissolve  and  other  chemical 
reactions  to  occur.  They  also  postulated  that  a  delay  between  mixing 
and  compaction  is  not  detrimental  as  long  as  the  compactive  effort 
is  increased  to  maintain  constant  density.  McDowell  (1959)  states 
that  soil-lime  mixtures  may  be  compacted  any  time  within  two  days 
after  mixing,  with  delays  of  up  to  four  days  permissible  if  heavy 
plastic  clays  are  being  stabilized. 

Effect  on  Strength 

Mitchell  and  Hooper  (1961)  have  shown  that  soil-lime  mix¬ 
tures  decrease  in  compressive  strength  as  the  time  interval  between 
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mixing  and  compaction  increases.  They  found  that  if  compaction  was 
delayed  24  hours  the  strength  decrease  was  as  much  as  30  percent  of 
the  strength  of  the  specimens  prepared  immediately  after  mixing. 

It  is  tune,  however,  that  these  strengths  were  determined  for  samples 
of  progressively  decreasing  density. 

McDowell  (1959)  pointed  out  that  delay  of  compaction  of 
all  types  of  soil-lime  mixtures  will  decrease  hardening  of  the  mix 
subsequent  to  compaction,  because  reaction  prior  to  compaction  will 
result  in  cementation  oLparticles  in  a- Loose  structure  and  subsequent 
compaction  will  break  the  bonds  formed. 

Effect  on  Plasticity 

Almost  every  article  on  lime  stabilization  mentions  the 
ability  of  lime  to  change  the  plasticity  of  the  soil.  When  lime  is 
added  to  a  soil,  the  liquid  limit  normally  decreases  and  the  plastic 
limit  increases  with  increased  amounts  of  lime. 

Lund  and  Ramsey  (1959)  performed  an  experiment  involving 
the  use  of  hydrated  lime  in  the  stabilization  of  plastic  soils.  They 
found  that  a  clay  with  liquid  limit  of  51%  and  fe.  plasticity  index  of  30% 
became  non-plastic  in  two  days  with  six  percent  of  lime. 

Herrin  and  Mitchell  (1961)  stated  that  the  plasticity  index 

is  influenced  by  the  length  of  time  the  lime  reacts  with  the  soil  and 

)' 

the  type  of  lime.  A  sizable  reduction  is  usually  noticed  within  the 
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result,  or  may  justify  the  expenditure  of  more  compaction  effort  to 
obtain  high  density;  however,  extra  compactive  effort  means  increased 
cost  of  compaction. 

Effect  on  Volume  Change 

Mitchell  and  Hooper  (1961)  have  shown  that,  for  a  clay- 
lime  mixture,  a  delay  between  mixing  and  compaction  is  definitely 
detrimental  in  terms  of  swell  for  specimens  prepared  using  constant 
compactive  effort,  hence  a  reduction  in  density. 

Mitchell  and  Hooper  (1961)  also  observed  that  a  time 
interval  of  24  hours  between  mixing  and  compaction  has  no  detri¬ 
mental  effect  on  swell  of  lime-treated  specimens  which  were 
compacted  to  the  same  density.  Lime  tended  to  reduce  the  volume 
changes  that  took  place  in  soils. 

II.  3  FACTORS  LIMITING  THE  USE  OF  LIME 
TO  STABILIZE  SOIL 

Lime- soil  mixtures  have  certain  limitations  that  should 
be  fully  understood  by  the  highway  engineer  before  any  design  and 
construction  of  this  type  of  stabilized  road  is  undertaken.  Herrin 
and  Mitchell  (1961)  pointed  out  some  of  the  more  important  limi¬ 
tations  as  being: 

(1)  Climatic  conditions 


(2)  Permanency 
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(3)  Thickness  of  treatment 

(4)  Resistance  to  traffic  wear 

(5)  Cracking  and  Fluffing  of  Lime- soil  mixtures 

(6)  Construction  limitations 

(7)  Reworking  lime-soil  mixtures 
Climatic  Conditions 

Lime  soil-mixtures  have  obtained  satisfactory  performance 
in  areas  with  relatively  mild  temperature.  In  areas  of  colder  climates 
the  performance  of  these  mixtures  is  not  very  well  known. 

Some  investigations  have  indicated  that  air  temperature 
materially  influence  the  curing  rate  of  lime- soil  mixtures  in  the 
field.  The  curing  rates  of  lime-soil  mixtures  are  relatively  fast 
at  high  temperatures,  but  are  fairly  slow  at  colder  temperatures. 

Herrin  and  Mitchell  (1961)  stated  that  freezing  of  lime- 
soil  mixtures  during  curing  may  result  in  a  permanent  reduction  in 
strength.  This  permanent  loss  in  strength  is  due  to  the  broken  bonds 
between  lime- soil  particles  because  of  the  expansion  of  the  frozen 
moisture  and  because  of  ice  lenses  in  the  mixture. 

Permanency 

Little  is  known  of  what  happens  when  lime- soil  mixtures 
are  continually  subjected  to  fluctuating  ground  water  or  to  the  perco¬ 


lation  of  water  through  the  mixture  for  a  long  period  of  time.  It  is 
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possible  that  different  reactions  may  take  place  when  the  mixture  is 
leached  with  water  containing  sodium  ions  and  other  chemicals. 

McDowell  (  1953)  reported  the  results  of  testing  lime- 
soil  specimens  that  were  cured  for  long  periods  of  time.  In  many 
cases,  he  found  that  the  plasticity  indices  of  lime-soil  mixtures  in 
the  field  have  increased  slightly  with  age.  He  also  found  that  the 
strengths  of  these  mixtures  tended  to  increase  for  a  considerable 
period  of  time  and  then  decrease  slightly. 

Thickness  of  Treatment 

It  is  difficult  to  determine  the  minimum  depth  required 
for  a  lime-soil  base,  subbase  or  treated  subgrade,  because  there 
are  so  many  factors  affecting  this  type  of  pavement,  especially  the 
variations  in  strengths  attained  in  the  field. 

Anon  (1954)  suggested  that  lime-soil  bases  be  not  less  than 
6  inches  thick  in  order  to  prevent  excessive  deflection  under  traffic. 
For  subbase  and  treated  subgrade,  thicknesses  have  varied  from  a 
few  inches  to  greater  than  1  foot  with  varying  success. 

Resistance  to  Traffic  Wear 

Anon  (1954)  pointed  out  that  lime- soil  mixtures  have 
little  or  no  resistance  to  traffic  wear.  Moving  vehicles  abrade  the 
surface  of  unprotected  bases,  which  results  in  the  undesirable  loss 


of  material.  Lime-soil  bases  should  be  protected  by  an  abrasion- 


‘  /  1 


. .!  ^  ■■  )-■  : 


"  -  •  sr'i  =>*  ■  :■  >n  '  . 


■! *  -i  • 


■ 

j  i 


resistant  surface;  usually,  a  seal  coat  or  a  surface  treatment  is 


I  2 


sati  sfac  tory . 

Cracking  and  Fluffing  of  Lime-Soil  Mixtures 

Cracking  is  usually  caused  by  volume  changes  in  under¬ 
lying  untreated  subgrades,  by  volume  changes  in  the  lime-soil 
mixtures  or  by  the  application  of  heavy  loads  or  heavy  rolling 
during  the  curing  period. 

Lund  and  Ramsey  (1959)  mentioned  that  even  the  volume 
changes  of  certain  soils  are  minimized  by  treatment  with  lime,  some 
natural  shrinkage  of  lime- soil  mixtures  may  still  occur  and  a  few 
cracks  will  result. 

McDowell  (  1959)  concluded  that  the  natural  shrinkage 
of  lime- soil  mixtures  may  be  more  severe  in  soils  originally  having 
low  plasticity  indices,  but  the  exact  amount  will  depend  on  the 
mineralogical  composition  of  the  treated  material,  quantity  and 
type  of  lime  used  and  curing  conditions. 

Fluffing  or  loosening  of  the  surface  of  a  lime- soil 
mixture  occurs  especially  if  the  mixture  is  cured  in  the  absence 
of  moisture  during  hot  weather.  This  loose  material  on  the  surface 
may  prevent  a  tight  bond  between  the  lime-treated  base  and  the 
surface  course  and  will  contribute  to  peeling  of  the  surface  treatment. 
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Construction  Limitations 
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The  performance  of  lime-soil  mixtures  is  greatly 
influenced  by  construction  techniques. 

Herrin  and  Mitchell  (19&1)  stated  that  many  failures 
of  lime- soil  stabilized  roads,  especially  those  that  occur  along  the 
outer  edges  of  the  pavements,  have  resulted  from  poor  distribution 
of  lime,  inadequate  depth  control,  lack  of  edge  control  and  improper 
compaction.  These  could  have  been  eliminated  by  proper  construction 
techniques . 

Reworking  Lime-Soil  Mixtures 

Experience  has  indicated  that  reworking  of  lime- soil 
mixtures  should  be  avoided  after  the  mixture  has  set  unless  ad¬ 
ditional  lime  is  added. 

McDowell  (1959)  suggested  that  lime-soil  mixtures  be 
compacted  within  two  to  four  days  afc  er  mixing  and  that  these  mixtures 
not  be  reworked  after  7  to  28  days  without  the  use  of  additional  lime. 
The  time  limit  for  reworking  lime- soil  mixtures  without  adding  ad¬ 
ditional  lime  will  depend  on  the  field  conditions  and  the  quantity  of 


lime  originally  added  to  the  soil. 
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II.  4  CLAY-ASPHALT  STABILIZATION 

Literature  reviews  pertaining  to  asphalt  stabilization 
of  sands  are  included  in  the  theses  of  Pennell  (  1962),  Jones  (1962), 
and  Knowles  (1962).  In  the  following  paragraphs  only  the  most  important 
properties  involving  clay-asphalt  stabilization  will  be  reported. 

Theories  of  Asphalt  Stabilization 

Endersby  (1942)  suggested  two  theories  regarding  the 
action  of  asphalt  in  waterproofing  the  soil.  One  is  the  "plug"  theory 
which  holds  that  the  capillaries  are  simply  plugged  with  bodies  of 
asphalt,  preventing  the  water  from  either  entering  or  leaving.  The 
other  is  the  "intimate  mix"  theory,  under  which  the  individual 
particles  are  supposed  to  be  coated  with  asphalt. 

In  dealing  with  fine-grained  cohesive  soil,  however,  it 
would  appear  that  the  "plug"  theory  is  nearer  the  truth.  The  surface 
area  of  the  particles  is  so  large  that  no  amount  of  asphalt  ordinarily 
used  could  be  expected  to  coat  it  completely.  If  large  amounts  of 
asphalt  were  used,  the  soil  would  become  lubricated  by  the  asphalt 
with  resultant  loss  in  stability. 

Role  of  Asphalt  in  Clay-Lime  Mixtures 

In  the  case  of  fine-grained  soils  stabilized  with  lime, 
occasions  may  arise  when  such  stabilized  soils  may  possess  adequate 
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strength  but  will  not  resist  weathering.  When  asphalt  is  incorporated 
into  these  stabilized  soils,  the  main  purpose  is  to  waterproof  the  soil 
mass  and  prevent  the  infiltration  of  water  and  the  subsequent  loss  in 
strength  that  has  been  imparted  by  the  secondary  additive, 

Puzinauskas  and  Kallas  (1961)  found  that  asphalt  tends 
to  retard  the  additive- soil  reactions.  The  test  results  also  indicate 
that  soil-additive  systems  containing  asphalt  are  less  sensitive  to 
variations  in  compaction  water  contents.  They  also  point  out  that 
the  strength  of  the  cohesive  soils  is  due  principally  to  the  cohesive 
interparticle  bond.  This  bond  is  highly  sensitive  to  action  of  water. 
Thus  the  asphalt  films  must  be  distributed  throughout  the  soil  mass 
in  order  to  protect  this  inter-particle  bond  and  thus  preserve  the 
strength  of  the  soil  mass. 

Role  of  Water  in  Asphalt  Stabilization 

The  presence  of  water  during  mixing  and  compaction 
phases  of  asphalt  soil  stabilization  has  long  been  recognized  as  an 
important  factor.  Cape  (1940)  showed  that  during  mixing,  water 
facilitates  the  even  distribution  of  asphalt  throughout  the  mass. 

The  amount  of  moisture  required  for  thorough  distribution  of  cutback 
asphalt  increases  as  the  amount  of  fine  material  in  the  soil  increases, 
Katti,  Davidson  and  Sheeler  (I960)  stated  that  the  degree 


of  cutback  asphalt  dispersion  in  a  soil  mass  is  a  function  of  the 
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amount  of  water  during  the  mixing.  They  also  believed  that  the 
compaction  of  a  soil-cutback  asphalt- water  system  immediately 
following  mixing  produces  a  more  stable  product  than  a  procedure 
in  which  a  drying  back  period  is  included  between  mixing  and  com¬ 
paction.  The  percentage  of  water  required  to  produce  maximum 
strength,  maximum  density,  minimum  total  moisture  absorption, 
and  minimum  expansion  in  the  compacted  specimens  was  different 
for  each  property  mentioned.  However,  the  range  of  water  contents 
over  which  these  minimum  or  maximum  properties  occurred  was 
only  several  percent.  Thus  it  was  possible  to  select  what  was 
called  a  compromise  mixing  water  content  (CMC)  at  which  the 
variance  of  each  of  the  properties  from  the  optimum  value  was  a 
minimum.  It  was  found  that  this  compromise  mixing  water  content 
was  very  close  to  the  water  content  at  which  maximum  standard 
AASHO  density  in  the  soil-cutback  asphalt-water  system  occurred, 
and  was  dependent  upon  the  soil  type,  the  type  of  asphalt,  and  the 
amount  of  asphalt  used  in  the  mix. 

Herrin  (1958)  indicated  that  for  a  silty  sand,  stabilized 
with  MC-3  that  the  mix  needed  to  be  dried  out  before  compaction  to 
provide  high  initial  stability.  Although  it  is  stated  that  drying  is 
needed  before  mixture  is  compacted,  too  dry  a  mixture  is  not  de¬ 
sirable.  The  drier  the  mixture  is  at  the  time  of  compaction,  the 
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greater  the  air-void  content  and, consequently,  the  mixture  is  more 
susceptible  to  soaking  up  water. 

Effects  of  Immersion  on  Clay- Lime- Asphalt  Mixtures 

On  immersion  in  water  after  curing,  water  is  undoubtedly 
imbibed  very  rapidly  by  those  regions  of  the  mixture  which  have  not 
been  adequately  protected  by  asphalt;  this  should  result  in  an  initial 
rapid  loss  in  strength.  In  view  of  the  water  sensitivity  of  the  asphalt- 
soil  mass  bond,  water  should  gradually  find  its  way  into  the  asphalt- 
soil  mass  interface  and  destroy  this  bond;  the  rate  of  detachment 
should  be  dependent  upon  the  firmness  and  extensiveness  of  the  bond 
developed,  and  the  fluidity  of  the  asphalt.  This  would  indicate  that 
there  should  be,  on  continued  water  immersion,  a  further  gradual 
reduction  in  strength  due  to  the  increase  in  water  absorption.  The 
rate  of  strength  loss  is  greater  for  incompletely  cured  mixtures  or 
those  prepared  with  less  viscous  asphalts. 

Curing  of  Clay-Lime- Asphalt  Mixtures 

It  has  been  recognized  in  soil-additive  mixtures  stabilized 
with  asphalt  that  a  curing  period  is  very  important  to  obtain  a  stable 
material.  Many  methods  have  been  used  to  cure  these  mixtures. 
Specimens  may  be  cured  at  air  temperature  or  at  various  elevated 


Soil  mass  is  used  to  define  clay-lime  mixtures. 


temperatures  prior  to  testing.  Compacted  samples  may  also  be 
subjected  to  water  immersion,  to  cycles  of  freezing  and  thawing 
or  to  cycles  of  wetting  and  drying  before  testing  in  order  to  ascer¬ 
tain  the  effects  of  climatic  conditions  on  the  mixtures. 

Control  should  be  exercised  in  the  particular  curing 
conditions  used  in  any  investigation,  and  caution  should  be  used 


in  attempting  to  apply  test  results  to  field  conditions. 
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CHAPTER  III 

TESTING  PROGRAM 
III.  1  THE  CONSTITUENTS 


Soil 

The  soil  used  in  this  investigation,  was  a  highly  plastic 
clay  from  a  borrow  pit,  95  feet  to  the  right  of  station  419  *00,  high¬ 
way  2-G-3,  located  near  the  town  of  Fahler,  Alberta. 

After  being  received  from  the  field, the  clay  was  thoroughly 
mixed  and  air-dried.  The  material  was  then  sacked  and  stored  in  a 
dry  room  at  normal  temperatures. 

An  X-ray  diffraction  analysis  performed  by  the  Research 
Council  of  Alberta  indicated  that  the  soil  contained  illite  as  the  principal 
clay  mineral  mixed  with  about  equal  amounts  of  Kaolinite  and 
montmorillonite .  ^ 

According  to  the  Unified  Soil  Classification,  the  soil  was 
classified  as  a  highly  plastic  clay  (CH).  Pertinent  characteristics 
of  this  soil  were: 

Specific  Gravity  of  Soil  Solids  2.  77 

Liquid  Limit  -  per  cent  67.6 

^Results  as  reported  by  Watt  (1961). 
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Plastic  Limit  -  per  cent  27.9 

Plasticity  Index  -  per  cent  39.  7 

The  procedures  followed  to  determine  the  specific  gravity 
and  the  Atterberg  Limits  are  outlined  in  appendix  A. 

A  grain- size  analysis  of  the  soil  was  performed  in 
accordance  with  procedures  outlined  inappendix  A.  The  results 
of  this  analysis  are: 

Material  Limiting  Diameters  Per  Cent 

sand  sizes  greater  than  0.06  mm.  15 

silt  sizes  0.  002  mm.  to  0.  06  mm.  30 


clay  sizes 


less  than  0.  002  mm. 
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Lime 

In  a  restricted  scientific  sense,  "lime"  is  the  oxide  of 
calcium,  CaO,  and  it  is  commercially  produced  by  "lime-burning" 
or  calcining  crushed  limestone. 

Quicklime  (or  lime)  readily  reacts  with  water  to  produce 
calcium  hydroxide  which  is  commonly  known  as  slaked  lime  or 
hydrated  lime.  The  hydration  of  quicklime  is  generally  performed 
by  adding  sufficient  water  to  quicklime  to  satisfy  its  chemical  affinity 
for  water. 

The  lime  used  in  this  investigation  was  a  commercial 
hydrated  calcitic  lime  supplied  by  Loders  Lime  (Alberta)  Limited. 
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The  specific  gravity  of  the  lime  determined  using 

procedures  outlined  in  appendix  A, was  2.25.  The  average  moisture 
content  of  the  lime  was  0.  73  per  cent,  which  was  the  total  moisture 
driven  off  at  temperatures  of  115  . 

The  chemical  analysis  of  the  lime  was  performed  by 
Loders  Lime  Limited  and  show  the  following  properties: 


Compound 

Per  cent 

CaO 

74.  8 

MgO 

1.  2 

FeO^,  A102 

0.  4 

SiOz 

0.  3 

Ignition  Loss 

22.  9 

Asphalt 


The  cutback  asphalt  was  supplied  by  Husky  Oil  and  Refining 
Company  Limited  of  Lloydminster ,  Alberta.  The  analysis  of  the  MC-3 
cutback  asphalt  was  performed  by  the  supplier  and  was  as  follows: 
Specific  Gravity  at  60°F.  0.9820 

API  Gravity  at  60°F.  12. 6 

Flash  Point  (T.  O.  C.  )-  °F  150  * 

Water  -  %  Nil 


Saybolt  Furol  Viscosity  at  140°F.  -  sec. 


442 
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Distillation 


%  of  Total  Over 


437°F. 
500°F. 
600°F . 
680°F. 


0 

Z.  5 
13.  0 
ZO.  0 


Residue  to  680°F.  volume  by  difference  -  % 
Residue  Penetration  at  77°F.  (100  gms,  ,  5  sec.  ) 
Oliensis  Spot  Test  (15%  Xylene) 

Soluble  in  Carbon  Tetrachloride  -  % 

Ductility  at  77°F.  (5  cm.  per  min.  )  -  cm. 

W  ater 


%  of  Distillate 
Total  Over 

0 

1Z.  5 
65.  0 
100.  0 
80.  0 
189 

Negative 
99.  8* 

100 


Distilled  water  was  used  throughout  the  program  to 
eliminate  the  variable  that  might  result  from  impurities  added  with 
ordinary  tap  water. 


III.  Z  SCOPE  OF  THE  TESTING  PROGRAM 
This  program  was  divided  into  two  portions.  One  series  of 
the  test  investigated  the  strength  of  clay- lime-asphalt  mixtures  after 
7  and  Z8  days  curing  at  room  temperature  and  1  day  of  soaking.  The 
second  series  was  performed  in  order  to  determine  the  loss  in  strength 
of  these  mixtures  and  their  resistance  to  water  for  immersion  periods 


of  7  and  14  days. 


A 


The  additive  contents,  that  is,  the  sum  of  the  dry  weight 
of  lime  and  asphalt,  were  8  and  10  per  cent  of  the  dry  weight  of  the 
clay,  which  respectively  represented  5  per  cent  of  lime  and  3  per 
cent  MC-3  asphalt,  5  per  cent  of  lime  and  5  per  cent  MC-3  as¬ 
phalt. 

Between  mixing  and  compaction  a  delay  of  1,  2,  3,  and 
4  days  was  allowed.  During  this  interval  of  time  only  the  5  per  cent 
of  lime  was  added  to  the  clay.  The  asphalt  was  added  just  before 
the  compaction. 

1 

Cylindrical  2-in.  by  4-in.  specimens  of  each  mixture 
were  prepared  by  compacting  the  specimens  in  four  equal  layers 
with  a  compactive  effort  of  10  blows  per  layer  of  the  standard 
compaction  hammer  (5. 5- lb.  and  12- in.  drop). 

The  specimens  cured  at  room  temperature  and  the  ones 
immersed  in  water  were  designated  by  the  letters  A  and  B  respect¬ 
ively.  The  first  number  before  the  letter  represented  the  percentage 
of  asphalt.  The  second  one  denoted  the  delay  between  mixing  and 
compaction.  The  number  of  the  specimen  was  after  the  letter. 
Because  the  amount  of  lime  was  always  the  same,  5  per  cent,  this 
value  did  not  figure  in  the  designation.  For  example,  a  sample 
marked  31A4,  indicated  the  specimen  contained  3  per  cent  of  asphalt 
and  5  per  cent  of  lime;  was  pretreated  1  day  before  compaction;  was 

^Cylindrical  2-in.  in  diameter  by  4-in.  in  height. 
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cured  at  room  temperature;  and  was  the  specimen  number  4.  A 
specimen,  marked  54B12  contained  5  per  cent  of  asphalt  and  5  per 
cent  of  lime;  was  pretreated  4  days  before  compaction;  was  immersed 
into  water;  and  was  the  specimen  number  12. 

The  program  was  organized  so  that  each  result  was  the 
average  of  six  specimens.  The  results  obtained  from  the  program 
included  the  dry  density  and  the  moisture  content  at  failure,  and  the 
unconfined  compressive  strength  after  7  and  28  days  of  curing  at 
room  temperature  and  24  hours  of  soaking  the  specimens.  In  the  case  of 
specimens  immersed  in  water,  the  results  also  included  the  dry 
density  and  the  moisture  content  at  failure,  the  change  in  volume 
and  the  water  absorption  after  7  and  14  days  immersion,  and  the 
unconfined  compressive  strength  after  7  and  14  days  immersion. 

III.  3  TESTING  PROCEDURES 

Mixture  Proportions 

The  proportions  of  the  highly  plastic  clay,  lime  and 
asphalt  components  of  mixtures  were  based  on  the  oven  dry  weight  of 
the  clay.  The  desired  moisture  content  was  fixed  at  1.  5  per  cent  higher 
than  the  optimum  density-moisture  condition  determined  from  clay- 
lime  specimens  which  had  undergone  a  rotting  period  of  1,  2,  3,  and  4 


days  between  mixing  and  compaction. 


' 
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Mixing  of  batches  for  preparing  test  specimens  could  be 
divided  into  two  phases.  During  the  first  phase  the  appropriate 
weights  of  air  dry  natural^  soil  and  lime  were  hand  mixed  in  a 
large  aluminum  pan  less  than  3  minutes.  Sufficient  distilled  water 
was  then  added  to  the  dry  mixture  from  a  spray  bottle  to  give  the 
desired  water  content.  Usually  the  wet  mixing  was  completed  in 
10  minutes.  The  mixed  samples  were  then  covered  with  polyethylene 
plastic  sheet  and  stored  in  a  humid  room  until  needed  for  the  second 
phase . 

The  first  five  minutes  of  the  second  phase,  that  is,  after 
the  rotting  period,  was  spent  in  pulverizing  the  larger  clods.  The 
cutback  asphalt,  having  been  heated  to  170°F  and  weighed  to  the 
nearest  gram,  was  added  to  the  clay-lime  mixture,.  The  mixture 
was  then  stirred  by  hand  for  17  minutes.  At  the  end  of  the  mixing  time, 
the  soil  mixture  was  compacted. 

To  obtain  12  specimens,  the  batch  was  calculated  to  yield 
enough  soil  for  an  additional  specimen.  The  extra  portion  was  used 
to  determine  the  moisture  content. 

■^Natural  means  that  the  clay  was  not  passed  through  sieves, 
and  contained  some  large  clods  up  to  3  inches  in  size. 
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Compaction 


Compaction  was  carried  out  at  1,  2,  3,  and  4  days  after 
the  end  of  the  initial  mixing  period.  Twelve  cylindrical  2-in.  by  4-in. 
specimens  of  each  mixture  were  prepared  by  compacting  the  specimens 
in  four  equal  layers  with  a  compactive  effort  of  10  blows  per  layer  of 
the  standard  compaction  hammer  (5.  5-lb.  and  12-in.  drop),  using  the 
apparatus  shown  in  Plate  la.  The  extrusion  of  the  specimens  was 
accomplished  with  the  hydraulic  apparatus  portrayed  in  Plate  lb. 

Initial  Measurements 

The  specimen  removed  from  the  mold,  was  weighed  to  the 
nearest  0.  01  grams.  When  all  the  specimens  from  each  batch  were 
compacted  and  extruded,  they  were  measured  in  height  and  in  dia¬ 
meter  to  the  nearest  0.  001  inches.  The  height  and  the  diameter  of 
each  cylinder  were  measured  by  means  of  a  calliper  .  Usually  two 
measurements  were  taken  at  right  angles  each  other.  The  average  of 
the  two  measurements  was  recorded.  The  specimens  were  then 
immediately  sealed^  in  polyethylene  bags. 

Curing 

Specimens  were  cured  at  room  temperatures  (70*4°F) 
for  7  or  28  days.  Since  the  specimens  were  sealed  in  polyethylene 

^The  bags  were  sealed  by  folding  down  the  open  end  and 
tying  with  a  string. 
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bags,  the  loss  of  moisture  and  absorption  of  carbon  dioxide  from 
the  air  was  reduced. 

Soaking 

After  each  curing  period,  specimens  were  removed  from 
the  bags;  were  weighed  to  the  nearest  0.  01  grams;  were  measured 
to  the  nearest  0.  001  inches;  and  were  immersed  in  distilled  water 
for  a  period  of  24  hours,  plus  or  minus  2  hours.  The  specimens  were 
placed  in  a  large  pan  which  was  filled  with  water  to  a  level  about  1  inch 
above  the  tops  of  the  specimens. 

Immersion  Test 

A  series  of  specimens,  after  having  been  removed  from 
the  mold,  were  weighed  to  0.  01  grams;  were  measured  in  height  and 
in  diameter  to  0.  001  inches;  and  then  placed  in  a  metal  tank  filled 
with  distilled  water.  Throughout  the  test,  water  was  added  in  order 
to  keep  the  water  level  1  inch  above  the  tops  of  the  specimens. 

The  specimens  were  immersed  in  water  during  a  period  of  7  days 
and  14  days  . 

Final  Measurements 

After  each  immersion  period  and  soaking  period,  the 
surface  water  on  the  specimens  was  removed  by  means  of  a  paper 
towel;  the  diameter  and  height  of  the  specimens  were  measured  and 
the  weight  was  recorded  to  the  nearest  0.  01  grams. 
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The  diameter  and  height  were  measured  using  the  same 
calliper  that  was  used  in  the  initial  measurements.  Two  diameters 
and  two  lengths  at  right  angles  to  each  other  were  measured  and  the 
average  values  were  recorded  to  the  nearest  0.001  inches. 

Unconfined  Compression  Test 

The  specimens  were  tested  for  unconfined  compressive 
strength  using  a  Tinius  Olsen  Hydraulic  Compression  Testing  Machine. 
The  specimen  was  placed  onto  the  bed  of  the  testing  machine,  where  it 
was  centered  under  the  loading  head.  The  specimen  was  then  broken 
at  a  rate  of  strain  of  0.  104  inches  per  minute.  At  failure,  the  strain 
reading  was  taken  and  the  time  was  registered.  The  arrangement  of 
the  apparatus  and  specimen  is  portrayed  in  Plate  2. 

The  unit  strain  was  calculated,  and  used  in  the  computation 
of  the  area  at  failure  using  the  following  equation: 

Aq=  Ao 

1  -  e 

where  Ac  was  the  corrected  area, 

A0  was  the  area  calculated  from  the  final  measurements, 

and  e  was  the  unit  strain  at  failure. 

The  load  on  the  cylinder  was  given  directly,  in  kilograms, 
on  the  dial  of  the  testing  machine.  A  multiplying  factor  of  2.  2  was  used 


to  convert  the  load  in  kilograms  to  pounds. 


•  '•  :  ■  w 

— 


■ 


COMPRESSIVE  STRENGTH  TEST  LOADING  HEAD  APPARA  i  LS 

Plate  2a  PLtr  . 


The  moisture  content  of  the  mixture  was  determined  after 


failure  of  the  specimen. 

III.  4  DISCUSSION  OF  PROCEDURES 
Mixing  Moisture  Content 

Moisture-density  relationships  on  clay- lime-asphalt 
mixtures  had  shown  that  these  mixtures  had  their  optimum  densities 
at  moisture  contents  of  24.  0  per  cent  and  24.  5  per  cent  with  5  per 
cent  and  3  per  cent  of  asphalt  respectively.  To  obtain  the  desired 
moisture  content,  after  the  second  phase  of  mixing  prior  to 
compaction,  a  certain  additional  amount  of  water  was  needed 
during  the  first  phase  of  mixing  prior  to  the  rotting  period.  After 
several  attempts,  the  moisture  content  was  fixed  at  1 .  5  per  cent 
higher  than  the  optimum- density  condition  determined  from  clay- 
lime  specimens  which  had  undergone  a  rotting  period  of  1 ,  2,  3 
and  4  days  between  mixing  and  compaction. 

Moisture-density  relationships  on  clay-lime-asphalt 
are  given  in  appendix  B. 

Mixing 

Attempts  to  mix  clay-lime  mixed  samples  and  asphalt 
in  a  mechanical  pugmill  were  unsuccessful  because  the  mixture 


tended  to  form  large  clods. 


Watt  (1961)  pointed  out  that  many  clay-lime  mixtures 
with  high  lime  content  were  well  mixed,  by  hand,  in  20  minutes.  In 
the  case  of  clay- lime-asphalt  mixtures,  however,  with  low  lime 
content,  the  full  half  hour  was  required. 

The  delay  between  the  first  mixing  and  the  one  prior  to 
compaction  permitted  the  break  down  of  the  clay  clods,  improved 
the  mix  uniformity,  and  facilitated  the  final  mixing. 

The  Rotting  Period 

Variable  rotting  periods  of  1 ,  2,  3,  and  4  days  between 
mixing  and  compaction  were  allowed.  The  results  of  varying  the 
rotting  time  are  shown  in  appendix  B.  The  results  showed  that  a 
rotting  period  reduced  the  dry  density  of  the  compacted  specimens, 
and  decreased  the  strengths  of  clay-lime  mixtures  which  were  cured 
for  7  days  at  room  temperature. 

Compaction 

The  specimens  were  compacted  in  four  equal  layers  with 
a  compactive  effort  of  10  blows  per  layer  of  the  standard  compaction 
hammer.  This  compactive  effort  for  the  2-in.  by  4-in.  cylindrical 
specimens  has  been  determined  ^to  achieve  a  density  equal  to  the 
standard  Proctor  compaction  test. 

^Research  Council  of  Alberta. 
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Curing  and  Soaking 

Clay- lime-asphalt  mixtures  increase  in  strength  with  age. 
Usually,  there  is  a  rapid  increase  in  strength  at  the  beginning  of  the 
curing  period,  but  as  the  curing  progresses  the  rate  of  increase  in 
strength  becomes  less  and  less.  In  this  study,  curing  periods  of 
7  days  and  28  days  were  selected  in  order  to  show  the  rate  of 
increase  in  strength  with  time. 

The  specimens  cured  at  room  temperature  were  immersed 
in  distilled  water  for  24  hours  after  curing  and  before  being  tested  for 
strength.  The  immersion  period  was  intended  to  reduce  or  destroy 
any  apparent  cohesion  in  the  soil  in  order  to  test  the  true  cohesion  and 
other  stabilizing  effectsi  of  the  soil-lime-asphalt  mixture. 

Immersion 

Water  immersion  periods  were  not  intended  to  depict 
a  condition  that  is  likely  to  occur  in  a  roadbed.  The  samples  were 
immersed  completely  in  order  to  assure  an  uniform  degree  of 
saturation  throughout  the  specimen.  The  main  purpose  of  the  water 
immersion  test  was  to  evaluate  the  waterproofing  effects  of  the 
asphalt. 

This  water  immersion  test  could  be  considered  very 

severe  in  that  the  specimens  were  not  allowed  to  cure  after  compaction 

and  prior  to  immersion,  thus  only  the  first  of  the  three  types  of 

1 

chemical  reactions  had  time  to  occur. 

^See  page  4. 
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Dry  Density 

During  fabrication  of  specimens,  moisture  contents  were 
taken  after  the  third  and  the  ninth  samples.  The  first  moisture  content 
was  used  as  the  average  molding  moisture  content  of  the  first  six 
specimens  in  computing  dry  density,  and  the  second  moisture  content 
was  used  as  the  average  molding  moisture  content  of  the  last  six 
spec  imens . 

The  initial  dry  density  was  calculated  by  means  of  the 

equation: 

y=  C  X  w 

( 1  ♦  w)  H 

where  W  was  the  wet  weight  of  the  specimen  in  grams, 

H  was  the  height  of  the  specimen  in  inches, 
w  was  the  molding  moisture  content  as  a  decimal, 

\  was  the  dry  density  in  pounds  per  cubic  foot, 
and  C  was  a  constant  dependent  upon  the  diameter  of 
the  mold.  Values  for  C  and  the  diameter  of  the  molds 
are  given  in  tabular  form  as  follows: 

Mold  Number  Diameter  in  inches  C 

1  2.001  1.2113 


2 


2.006 


1.2047 


. 
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CHAPTER  IV 


RESULTS  OF  THE  TESTING  PROGRAM 

The  significant  results,  accumulated  in  the  test  program, 
are  presented  in  Tables  I  to  VII.  Tables  I  and  II  display  the  average 
values  of  the  7-day  and  28-day  strengths  for  the  stabilized  clay-lime- 
asphalt  specimens  which  had  been  soaked  the  full  day  before  the  strength 
tests.  Table  III  and  Table  IV  show  the  average  values  of  the  7-day  and 
14-day  strengths  for  the  stabilized  specimens  which  had  been  immersed 
in  water  without  a  prior  curing  period.  Void  properties  of  the  immersed 
specimens  are  reported  in  Tables  V,  VI,  and  VII. 

The  Tables  also  include  the  percentages  of  volume  changes 
and  water  absorptions  ^  experienced  during  the  soaking  periods,  the 
molding  moisture  contents,  the  moisture  contents  at  failure,  and  the 
dry  densities  as  compacted. 

A  discussion  of  the  effect  of  the  asphalt  upon  the  un¬ 
confined  compressive  strength  is  presented. 

A  discussion  involving  void  properties  of  clay-lime-asphalt 
specimens  is  also  included. 

A  discussion  of  the  effect  of  the  rotting  period  upon  clay- 
lime-asphalt  stabilized  specimens  concludes  the  chapter. 

*The  percentage  of  water  absorption  was  the  difference 
between  the  weight  of  the  specimen  before  and  after  immersion  over 
the  weight  of  the  specimen  before  immersion  multiplied  by  100. 
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Note:-  Each  result  is  the  average  of  six  specimens. 
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Note:-  Each  result  is  the  average  of  six  specimens. 


w 

ft 

ft 

< 

ft 


ft 

W 

H 

c 

£ 


C/3 

H 

ft 

ft 

CO 

W 

ft 

H 

co 

W 

H 

Pm 

O 

ft 

< 


ft 

co 


Q 

W 

co 

ft 

W 


§ 

W 


u 

w 

Oh 

co 

Pm 

O 

co 

H 

co 

W 

H 

ft 

H 

O 

ft 

w 

ft 

H 

co 


ft1 

< 

Q 


<d 

CD 

43 

O 

m 

CO 

ft 

O' 

r'- 

in 

cti 

<D 

B 

CO 

co 

CO 

43 

o 

O 

co 

p 

=>  o 

CNj 

CNJ 

(NJ 

CO 

CO 

CM 

r\l 

fM 

M 

•  r4 

rH 

r-H 

H 

r—H 

O 

O 

P 

> 

1 — 1 

id 

0 

r-H 

43 

o 

r-H 

o 

00 

o 

O' 

•  1-4 

4-4 

4) 

43 

CM 

00 

CO 

H 

43 

u 

CX 

• 

• 

<D 

u 

43 

43 

43 

r- 

43 

43 

43 

4-3 

o 

£ 

w 

< 

CD 

> 

•  r4 

ft 

4-4 

o 

CO 

r- 

O' 

O' 

X> 

(D 

CO 

O' 

o 

o 

r—H 

r—H 

O 

CO 

in 

P 

CO 

<D 

r  eng 
psi 

»— H 

o 

CM 

o 

in 

CO 

ro 

O' 

^4 

a 

t— 4 

r-H 

r— H 

r-H 

r—H 

r—H 

r—H 

O 

c 

4-4 

u 

>4 

CO 

P 

0 

ft 

U 

>s 

ft 

oo 

(M 

O' 

r\] 

00 

r~4 

in 

tti 

•  r4 

>> 

4-4 

\n  ^ 

CNl 

ft 

CO 

CO 

in 

m 

CO 

4-> 

•  r4 

C 

^4 

Q 

“  O 

P  Qj 
(D  ^ 

o 

O' 

o 

O' 

O' 

O' 

O' 

O' 

1 — 1 

Q 

CD 

m 

43 

in 

M 

£ 

oo 

CO 

CM 

CO 

m 

r—H 

H 

O' 

r— 1 

rcj 

3 

4-> 

CD 

4-4 

4> 

LO 

sO 

m 

in 

m 

in 

£ 

CO 

P  ^ 

CO 

CO 

CO 

CO 

0O 

CO 

OO 

oo 

Pm 

0 

s 

0 

U 

t— n 

cti 

•  r- 1 

CD 

M 

d 

+j 

P 

o 

O' 

Is- 

o 

LO 

on 

4) 

i— H 

43 

o 

in 

r- 

ft 

m 

43 

O' 

in 

4-4 
•  H 

CO 

4-4 

£  6^ 

<M 

CM 

CM 

CM 

CM 

CM 

CM 

rvj 

c 

1 — 1 

•  r4 

O 

O 

s 

U 

4-4 

4-4 

< — 1 

id 

tti 

CD 

LO 

LO 

m 

m 

CO 

co 

co 

0O 

4-> 

t-P 

a 

a 

CO 

o 

c 

U 

4-4 

<D 

c 

0 

CD 

s 

4-4 

£ 

LO 

in 

in 

in 

in 

in 

in 

in 

ft 

0 

u 

bO 

P 

•  rH 
4-> 

cti 

<D 

0 
•  r4 

M 

CO 

rd 

r-H 

CM 

CO 

ft 

r—H 

CM 

CO 

H 

M 

4-J 

<D 

<D 

ft 

ft 

M 

ft 

cm 

43 

00 

o 

CM 

H1 

43 

o’ 

o 

CM 

CO 

m 

vD 

n- 

<30 

X 

r-H 

r-H 

r— H 

r—H 

r-H 

r-H 

r—H 

r—H 

CD 

1 

O' 

r— H 

CO 

m 

r- 

O' 

r— H 

1— 1 

r- 

o 

CM 

CO 

ft 

m 

43 

<30 

a- 

O' 

i— H 

r—H 

1 — 1 

r—H 

r-H 

r—H 

r-H 

g 

ft 

ft 

ft 

ft 

ft 

ft 

PQ 

PQ 

r-H 

(M 

CO 

ft 

r—H 

CM 

CO 

H1 

CO 

LH 

m 

m 

in 

CO 

oo 

CO 

CO 

Note:-  Each  result  is  the  average  of  six  specimens, 


> 


w 

PP 

< 

H 


co 

H 

£ 

CO 

H 

ffj 

H 

co 

W 

H 


Ph 

C 

S 

£ 

CO 


cd 

W 

H 

< 

£ 

£ 
I — I 

Q 

W 

co 

W 

s 


w 

S 

I— H 


U 

w 

& 

co 


(J4 

O 


CO 

H 

CO 

W 

H 

Ph 

H 

O 

z 

w 

PS 

H 

co 

>-< 

< 

Q 

i 


0) 

B 

p  * 

•H  o 

> 


p 

o 

•  H 

u  a 

-t-)  >H 

nJ  O 
i>  in 

<J 


"d 

<D 

P 


o 

o 

gu 


<u 

> 

•rH 

m  X 
m  -t-1 

«  ^  -H 

a  fX 

B  - 

o  CO 


aj  t*' 

•  H  f-i  w 

SO  g  p 

p  ^ 

^  Q 


m 

u 


n) 

P 

•H 


P 

0) 

■M  t5 

P  ^ 
O 

U 


CD 

fn  +-) 

P  PI 
-fc->  <d 

.2  ^  ^ 
°  O 

2  u 


'-'  PI 
rt  £ 
X  z 
a-  p 
co  O 

<  U 


« s 

S  fl 

3  0 
H  u 


&0 

p 

• £  XI 

g  .2 

(U  Jh 

£  S 

?  A 

u 

Oh 


co 

>\ 

n) 

x) 


O 

£ 


co 


r- 

o 

O' 

00 

CO 

m 

X 

O' 

o 

X 

o 

r- 

o 

O' 

00 

O' 

m 

m 

vd 

00 

CM 

i-H 

r-H 

«  1 

r-H 

h< 

CO 

O' 

O' 

(M 

00 

r-H 

O' 

00 

00 

O' 

00 

r— H 

H* 

(M 

co 

o 

o 

O' 

o 

00 

00 

O' 

O' 

r-H 

r-H 

sO 

O' 

O' 

0- 

LO 

o 

m 

o 

00 

O' 

sO 

O' 

00 

00 

0- 

m 

CO 

O' 

00 

r— H 

co 

CM 

o 

O' 

o 

o 

CM 

<M 

H1 

co 

'f 

SO 

V 

CO 

O' 

o 

O' 

O' 

O' 

O' 

O' 

O' 

sO 

CO 

CO 

CM 

sO 

in 

m 

CO 

CM 

r-H 

rH 

O' 

X 

r-' 

00 

o 

H< 

CO 

CO 

CO 

CO 

00 

sO 

CM 

00 

oo 

in 

CO 

O' 

f- 

in 

m 

in 

sO 

m 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

LO 

in 

m 

in 

CO 

CO 

CO 

co 

m 

m 

m 

m 

in 

m 

in 

in 

rH 

CM 

CO 

rH 

CM 

CO 

oo 

o 

CM 

o 

00 

o 

00 

o 

CM 

co 

m 

vO 

00 

O' 

r-H 

r-H 

r— H 

| 

i-H 

1 

i-H 

1 

rH 

1 

i-H 

a 

rH 

1 

CO 

m 

r- 

O' 

i-H 

CO 

m 

co 

o 

r-H 

CM 

CO 

m 

X 

o- 

O' 

r-H 

r-H 

r-H 

rH 

r-H 

i-H 

r-H 

r-H 

PQ 

PQ 

PQ 

PQ 

PQ 

PQ 

PP 

PQ 

r-H 

CM 

CO 

i-H 

CM 

CO 

't1 

in 

m 

m 

m 

CO 

CO 

CO 

CO 

Note:-  Each  result  is  the  average  of  six  specimens. 


4  0 


> 

W 

ft 

CQ 

< 

H 


co 

H 

ft 

ft 

co 

W 

pc5 

H 

co 

ft 

H 

ft 

O 

!* 

ft 

< 

s 

ft 

co 


£ 

o 

I— I 

co 

ft 

w 

S 

S 

• — i 


w 

CQ 

co 

W 

I — ! 

ft 

ft 

ft 

ft 

o 

ft 

ft 

Q 

l — I 

O 

> 


10  * 

<tf  r 

if)  b 

t3  ft 

•1-4  ftf 

o 

>  0 

4-1 

ft  ^ 

jS  0 

O  wo 


CO 

"d 

•  r— I 

o 

> 


0 

s 

d 

o 

> 


U 

0  „ 
£ 


<tf 

cn 

<1 


CO 

"d 

•  rH 

O 

> 


O  m 

CO  r;-) 


> 


CO 


0  0 
£  U 
2  B 

O  rtf 
>  CO 


1 

TS 

Tj 

< 


£  s 

,!_>  0 
£  rt 
£ 

£2 

n  a 

£ 

-M  (tf 

^  CO 


£ 

00 


s 

GO 


GO 


0  0 

£  a 

.  £ 

£  <tf 

^  CO 


£ 

GO 


O 

2 

0 
f— 1 

PL 

£ 

<tf 

CO 


0 

(\J 

lT> 

if 

0 

O 

rvj 

- 

0 

O 

O 

0 

0 

00 

0 

0 

IT) 

ID 

LO 

m 

if 

if 

m 

CO 

LD 

CO 

CO 

(V] 

CO 

0 

r- 

r-H 

r- 

00 

r~- 

0 

r- 

ft 

sO 

00 

r- 

r- 

00 

r- 

00 

r-H 

CO 

0 

if 

in 

CO 

00 

if 

O 

co 

0 

r-H 

■tf 

sD 

co 

r\J 

IT) 

O 

in 

s£> 

0 

vO 

-sO 

0 

O 

00 

vO 

0 

vD 

co 

00 

r- 

vO 

0 

00 

r— H 

vX3 

O 

0 

r-H 

r-H 

r-H 

I—H 

r-H 

r-H 

r— H 

c- 

sD 

00 

00 

if 

O' 

s 0 

vD 

r- 

if 

• 

• 

« 

• 

« 

• 

0 

Tf 

in 

in 

r\] 

CO 

CO 

in 

0 

0 

0 

0 

0 

0 

0 

0 

f— H 

r-H 

r— H 

r— H 

r— H 

r-H 

CO 

00 

1— H 

O 

r-H 

00 

r-H 

« 

. 

« 

• 

• 

« 

« 

, 

CO 

if 

CO 

if 

vO 

r- 

in 

m 

0 

O 

0 

O 

O 

0 

0 

0 

f— H 

r-H 

r-H 

r-H 

r-H 

r-H 

r-H 

r-H 

LTl 

O 

m 

O 

in 

O 

in 

LO 

00 

O 

00 

O 

0 

O' 

00 

0 

O 

O 

0 

r-H 

0 

O 

0 

r— H 

co 

00 

<M 

00 

00 

CO 

co 

C0 

if 

00 

vO 

CO 

0 

O 

00 

O 

10 

O 

m 

sO 

CO 

CO 

r-H 

i—H 

CO 

00 

CM 

00 

(M 

CO 

CO 

fM 

r-H 

O 

00 

00 

CO 

m 

CO 

vO 

CO 

co 

sO 

00 

if 

co 

0 

O' 

NO 

r-H 

00 

r-H 

CO 

O' 

co 

0 

00 

00 

00 

00 

00 

r- 

00 

00 

0 

0 

0 

0 

0 

0 

0 

0 

CO 

sO 

i—H 

00 

0 

00 

0 

CO 

O 

LO 

_ 

If 

00 

0 

in 

CO 

O 

r-H 

i-H 

f-H 

r-H 

co 

i—H 

r-H 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

co 

f— H 

0 

00 

00 

CO 

in 

CO 

vO 

ID 

0 

r- 

NO 

if 

0 

0 

f-H 

LD 

v£> 

CO 

0 

0 

0 

00 

if 

O' 

O 

0 

O' 

0 

0 

0 

0 

CO 

CO 

CO 

CO 

if 

if 

CO 

CO 

if 

V0 

00 

0 

co 

If 

v£> 

0 

r-H 

00 

CO 

in 

sQ 

r- 

00 

r-H 

1— H 

1— H 

r-H 

r-H 

r-H 

r-H 

r-H 

1 

0 

r-H 

CO 

m 

O 

r-H 

r- 

0 

00 

CO 

if 

m 

v£> 

00 

0 

r-H 

1— H 

i—H 

r— H 

i—H 

r-H 

r-H 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

r— H 

00 

CO 

if 

r-H 

co 

CO 

if 

LO 

ID 

m 

m 

CO 

CO 

CO 

CO 

Note:-  Each  result  is  the  average  of  six  specimens. 


> 

w 

ft 

PQ 

< 

H 


cn 

<d 

to 

xJ 

•  iH 

o 
> 
p — 1 

cd 

4-> 

o 

H 


i 


Z 

o 


X 

4-> 

•  fH 

TO 

<D 

pH 
r  ■  ^ 

•  rH 

cn 

TO 

•  H 

o 

> 


CO 

H 

ft 

ft 

co 

ft 

ft 

H 


CO 

ft 

W 

S 

S 


co 

< 

Q 


cd 

g 

pH 

o 

> 


•  H 

o 

co 


co 

W 

H 

ft 

O 


ft 

w 

H 

ft 


> 

<D 

8 

d 


>* 

< 

V-/ 

> 

ft 

CO 

1 

< 

ft 

TO 

S 

HH 

H 

"0 

< 

s 

ft 

ft 

ft 

+-> 

CO 

ft 

£ 

o 

ft 

ft 

4-> 

£ 

Q 

O 

ft 

> 

Q 

4-> 

£ 

4-> 

CD 

£ 

4-> 

w 


6 

Z 

CD 

ft 

6 

nJ 

co 


.a 


cd 

«M 

r- 

cn 

P 

H4 

m 

CM 

n- 

MO 

0 

H 

mo 

MO 

MO 

MO 

in 

in 

n 

n 

m 

m 

in 

in 

in 

in 

in 

n 

*4H 

o 

wo 

00 

r- 

CO 

r- 

p 

pH 

CO 

Wate 

H4 

CM 

CO 

rg 

H4 

ft 

ft 

CO 

00 

00 

00 

00 

00 

00 

00 

00 

CD 

(NJ 

CO 

r— H 

r» 

MO 

00 

00 

r\] 

£ 

n- 

00 

MO 

r- 

P 

o 

p 

p 

•  pH 

• 

« 

• 

• 

• 

, 

• 

ft 

M4 

H4 

H4 

H4 

M4 

m 

M4 

M4 

4— > 

« — 1 

cd 

CM 

o 

00 

m 

00 

CM 

00 

pH 

rTj 

pu 

MO 

H4 

M4 

00 

M4 

MO 

M4 

M4 

CO 

00 

00 

00 

00 

LO 

in 

in 

in 

<c 

CO 

O 

MO 

MO 

o 

M4 

00 

o 

pH 

TO 

o 

- 

, 

« 

•  fH 

cn 

CM 

00 

H4 

pH 

p 

pH 

pH 

O 

(J 

co 

CO 

CO 

on 

cn 

CM 

CO 

CO 

> 

f-H 

r— H 

i— H 

r— H 

«— H 

?—H 

r-H 

r— H 

CO 

TO 

CJ 

in 

P 

p 

in 

MO 

CM 

in 

P 

o 

o 

f-H 

CM 

o 

CO 

in 

in 

ft 

"Ct4 

CO 

o 

O 

o 

o 

o 

o 

o 

O 

»-H 

r-H 

r-H 

r— H 

r-H 

f-H 

r-H 

r-H 

CD 

P— 1 

ft 

g 

o 

in 

m 

in 

in 

O 

o 

LO 

o 

fd 

o 

H 

m 

H 

r- 

ft 

in 

in 

MO 

co 

cn 

CO 

CO 

CO 

CO 

cn 

CO 

co 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

H 

m 

CO 

* 

CO 

p 

o 

P 

r~- 

O 

n- 

in 

CD 

g 

. 

> 

bX) 

in 

in 

in 

in 

i— H 

CM 

r-H 

r—H 

•pH 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

•pH 

MO 

in 

f-H 

00 

O 

pH 

CM 

CO 

u 

n- 

MO 

H4 

cn 

cn 

pH 

r-H 

pH 

CD 

g 

, 

H-> 

aj 

M 

CM 

p 

pH 

o 

r-H 

o 

o 

P 

r-H 

o 

pH 

r-H 

pH 

pH 

pH 

o 

pH 

i— H 

pH 

pH 

f-H 

pH 

pH 

pH 

M4 

m 

00 

p 

00 

o 

pH 

o 

ft 

g 

co 

p 

n- 

H 

in 

OJ 

pH 

8 

ni 

pH 

dfl 

MO 

o 

M4" 

cm" 

ft 

CO 

r— H 

CM 

O 

f-H 

O 

i— H 

i— H 

pH 

pH 

pH 

CO 

cn 

m 

CO 

CO 

CO 

cn 

CO 

CO 

CD 

a 

o 

p 

00 

00 

pH 

cn 

cn 

r-H 

ft 

g 

r-H 

MO 

00 

f-H 

M4 

MO 

cn 

cm 

s 

£ 

bfl 

p 

O 

in 

cn 

m 

cn 

pH 

pH 

cd 

r-H 

(M 

i— H 

CM 

CM 

<M 

CM 

CM 

CO 

H4 

H4 

H 

M4 

H* 

H4 

rg 

MO 

oo 

O 

CM 

^t4 

MO 

ci 

r-H 

CM 

cn 

in 

MO 

r- 

00 

r-H 

f-H 

rH 

pH 

pH 

pH 

pH 

pH 

i 

O' 

pH 

CO 

in 

n- 

p 

pH 

r- 

o 

CM 

cn 

M4 

in 

MO 

00 

p 

r-H 

pH 

pH 

pH 

pH 

pH 

pH 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

r-H 

CM 

CO 

M4 

pH 

CM 

CM 

H4 

in 

LO 

in 

in 

cn 

CO 

cn 

CO 

A  1 


Note:-  Each  result  is  the  average  of  six  specimens. 


I 


> 

H 

CQ 

H 


co 

H 

Z 

£ 

CO 

W 

cd 

H 

co 

W 

H 


>-< 

< 

s 

s 

p 

co 


Z 

O 

M 

CO 

rt 

w 

2 

S 

i — i 

CO 

< 

Q 

i 


ffj 

w 

H 

Q-i 

< 

co 

W 

HH 

H 

cd 

W 


rt 

Ph 

Q 

l— I 

o 

> 


co 

•  r*J 

5 

X) 

pH 

•  H 
0 

cd 

4-4 

o 

CM 

in 

r- 

sO 

CM 

vO 

> 

o 

Uh 

o 

CP 

O'- 

00 

vO 

sO 

P- 

00 

VO 

m 

in 

in 

in 

in 

in 

in 

nj 

'HH 

4-> 

o 

O 

H 

wO 

^1 

cp 

r- 

vO 

00 

o 

in 

o 

sO 

rX 

<u 

4-> 

<ti 

un 

m 

CO 

in 

sO 

Tf' 

4-4 

oo 

00 

00 

00 

00 

00 

00 

00 

s 

£ 

TJ 

<D 

r- 

pH 

00 

f'- 

00 

CO 

<u 

i — * 

r—1 

•r4 

Z 

£ 

•  rH 

Z 

s£ 

r— H 

sh 

(M 

Tf’ 

r—H 

•* 

CM 

p- 

V 

p- 

in 

4-4 

CO 

r— 1 

Ti 

(ti 

o 

vO 

p~ 

sD 

P> 

r—H 

O' 

•  H 

vD 

p- 

vO 

p- 

(M 

CM 

O 

00 

o 

a 

• 

> 

CO 

P- 

p- 

p- 

p- 

in 

in 

m 

<< 

<u 

£ 

CO 

Td 

u 

o 

in 

r—H 

o 

(M 

d 

•  pH 

o 

<j 

rH 

cp 

00 

p~ 

vO 

P- 

o 

sO 

rH 

> 

in 

OO 

OO 

0O 

f— H 

r—H 

r—H 

pH 

> 

i—4 

•  pH 

0 

co 

CO 

XJ 

u 

(— H 

in 

rH 

in 

sO 

sO 

CO 

•pH 

* 

r— H 

o 

u 

i— 1 

CM 

pH 

co 

in 

in 

OO 

'o 

CO 

o 

o 

O 

o 

o 

o 

o 

O 

> 

rH 

p-H 

rH 

rH 

pH 

rH 

rH 

rH 

CD 

g 

<D 

r“ -* 

a. 

d 

u 

in 

in 

in 

o 

o 

in 

in 

in 

c 

(ti 

u 

<M 

r—H 

cp 

pH 

CM 

CM 

CP 

• 

0 

m 

in 

in 

sF 

sh 

CO 

> 

CO 

<M 

CM 

CM 

CM 

CM 

CM 

CM 

pj 

d 

(U 

§ 

Ti 

£ 

•  H 

cn 

<u 

in 

CM 

o 

O 

in 

in 

00 

u 

< 

£ 

m 

cn 

rH 

CM 

sO 

00 

rH 

in 

(U 

Cd 

4-> 

> 

•pH 

4-> 

00 

25 

25 

25 

in 

(M 

rH 

CM 

rH 

(M 

r—4 

CM 

rH 

CM 

CO 

£ 

•  pH 

in 

oo 

o 

OO 

r- 

CM 

P- 

•H 

m 

U 

o 

p- 

sO 

M3 

H1 

CO 

pH 

O' 

mh 

4-4 

<u 

£ 

, 

, 

0 

0 

44 

CUD 

o 

p- 

in 

CO 

H"’ 

p- 

o 

cO 

0) 

CO 

<M 

CM 

CM 

rH 

rH 

(M 

CM 

OJD 

rH 

rH 

pH 

r—H 

»"H 

rH 

rH 

r—4 

aj 

?H 

<D 

d) 

J-i 

pH 

. 

cn 

CM 

n- 

O' 

in 

00 

> 

Q 

Pd 

d 

£ 

m 

m 

rH 

CM 

rH 

00 

r H 

CP 

iti 

. 

c 

(ti 

CO 

00 

m 

cp 

in 

CM 

sh 

OO 

rH 

P-’ 

<u 

4-4 

o 

o 

o 

pH 

rH 

rH 

rH 

o 

dd 

cn 

CO 

CO 

oo 

CO 

oo 

CO 

CO 

4-4 

CC 

4-4 

<u 

•  rH 

<D 

O' 

r—H 

CM 

o 

sd 

r- 

rH 

CM 

£ 

rH 

a 

£ 

in 

r—H 

p- 

O' 

sO 

pH 

CO 

CP 

H 

d 

£ 

c 

0£) 

m 

P-* 

o 

in 

co 

rH 

rH 

rH 

Cfi 

4-4 

cd 

co 

CO 

CO 

CO 

CM 

CO 

CO 

OO 

<u 

£ 

CO 

H* 

SfC 

H< 

sF 

sh 

u 

dd 

00 

O 

CM 

xO 

00 

O 

00 

o 

o 

o 

(SI 

OO 

in 

sO 

oo 

o 

(ti 

Z 

r—H 

rH 

pH 

rH 

i— H 

rH 

rH 

pH 

W 

a> 

m 

in 

Is- 

O' 

rH 

CO 

in 

OO 

i— • 

o 

i— H 

CM 

00 

in 

M3 

r- 

CP 

t*f 

Cd 

f-H 

r—H 

rH 

rH 

rH 

rH 

r—4 

pH 

D 

£ 

CQ 

cq 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

4-> 

(ti 

rH 

<M 

CO 

pH 

CM 

00 

H1 

0 

CO 

m 

in 

in 

in 

CO 

CO 

CO 

00 

Z 

A  summary  of  data  sheets  is  contained  in  appendix  E  of 


this  study. 

IV.  1  DISCUSSION  OF  STRENGTH  RESULTS 

The  average  compressive  strength  in  1  b  per  sq  in  was 
40  and  75  respectively  for  7-day  and  28-day  specimens  cured  at 
room  temperature  and  compacted  at  the  equivalent  standard  Proctor 
compactive  effort.  The  28-day  specimens  were,  therefore,  about 
twice  as  strong  as  the  7-day  specimens.  These  values  were  obtained 
after  a  full  day  immersion  before  strength  tests  and  for  mixtures 
which  contained  5  per  cent  of  lime  and  3  per  cent  of  asphalt  (or  2.4 
per  cent  of  residual  asphalt). 

When  these  mixtures  were  immersed  in  water  7  days  and 
14  days,  immediately  after  compaction,  their  strengths  were  reduced 
to  15  lb  per  sq  in. 

Figures  16  and  18,  in  appendix  B,  show  that  the  unconfined 
compressive  strengths  of  clay- lime  mixtures  are  markedly  influenced 
by  the  presence  of  asphalt.  Asphalt  decreases  the  optimum  strength  of 
the  compacted  specimen.  This  loss  in  strength  may  be  attributed  to  the 
reduction  of  cohesive  interparticle  bonds  by  the  asphalt  films  distributed 
through  the  compacted  mass.  These  films  may  act  as  an  interparticle 
lubricant,  resulting  in  a  weakening  of  the  compacted  mass.  It  can  be 
expected  that  a  greater  number  of  asphalt  films  will  proportionately 


destroy  more  of  such  bonds  and,  therefore,  results  in  a  more  pro¬ 
nounced  reduction  of  compressive  strength. 

Another  interesting  observation  can  be  made  from  the 
comparisons  of  strength  characteristic  of  the  two  systems.  The 
curves  obtained  by  plotting  strength  against  compaction  water  or 
liquid  content  are  flatter  when  asphalt  is  present  in  the  mixture. 

This  means  that  the  strengths  of  such  asphalt  containing  systems  are 
affected  less  by  the  variations  in  the  compaction  liquid  content. 
Considering  such  behavior  from  a  practical  view  point,  it  indicated 
that  the  mixtures  containing  asphalt  will  compact  to  a  layer  of  more 
uniform  strength  even  when  the  water  is  distributed  less  uniformly 
throughout  the  soil  mass. 

Figures  1,  2,  3,  and  4  indicate  that  gradually  increasing 
amounts  of  additive  ^progressively  lower  the  compressive  strengths 
of  the  specimens.  The  reasons  for  such  behavior  were  described 
previously  and  it  is  believed  that  the  results  represented  in  these 
figures  confirm  these  reasons. 

Puzinauskas  and  Kallas  (1961)  pointed  out,  however,  that 
such  trends  may  be  reversed  when  cohesive  soils  of  less  uniform 
gradation  are  used. 


^When  the  additive  content  increases  only  the  percentage 
of  asphalt  increases  because  the  lime  content  is  kept  at  5  per  cent. 
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i  igure  17,  in  appendix  B,  shows  that  increasing  asphalt 
content  in  the  mixture  results  in  decreased  density  of  the  compacted 
specimen.  It  is  evident,  that  when  more  asphalt  is  used,  replacement 
of  compaction  water  or  volatiles  by  the  asphalt  is  more  pronounced. 

This  means  that  when  more  asphalt  is  used  in  the  soil- lime- water 
mixtures,  drier  soil  must  be  used  in  order  to  obtain  the  maximum 
compaction  densities. 

Tables  I,  II,  III,  and  IV  also  show  this  phenomena.  Initial 
dry  densities  calculated  from  mixtures  containing  5  per  cent  of  asphalt 
are  lower  than  those  calculated  from  mixtures  where  3  per  cent  of 
asphalt  was  used. 

It  is  interesting  to  note  that  the  maximum  strengths  for 
the  systems  with  or  without  asphalt  are  obtained  at  less  than  optimum 
liquid  content,  whether  asphalt  is  present  or  not  (figures  16  and  18). 
This  points  out  the  similarity  in  physical  behavior  of  these  two  systems. 

Figures  16  and  18  also  show  that  the  optimum  water  content 
is  lower  when  asphalt  is  present  in  the  mixture. 

IV.  2  EFFECTS  OF  WATER  IMMERSION  ON  THE 

PROPERTIES  OF  CLAY-LIME-ASPHALT  MIXTURES 

For  the  design  of  cohesive  soil-lime-asphalt  mixtures,  it 
is  believed  that  the  change  in  strength  of  the  soil  during  immersion 


should  be  considered.  The  immersed  strength  could  be  used  as  an 
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indication  of  the  load-bearing  qualities  of  the  stabilized  soil  layer, 
and  the  change  in  strength  upon  immersion  would  indicate  the  water¬ 
proofing  effects  of  asphalt  which  in  turn  would  also  reflect  the 
weathering  properties  of  the  stabilized  layers. 

Regardless  of  asphalt  content  used,  the  reduction  in 
strength  by  immersion  is  evident  (figures  1  and  3).  However,  it 
should  be  kept  in  mind  that  compacted  clay-water  specimens  without 
lime  and  asphalt  disintegrate  within  24  hours  upon  immersion.  (Watt,  1961) 

Closer  examination  of  Tables  III  and  IV  disclose  the  fact 
that  the  moulding  moisture  contents  (initial  moisture  contents)  used 
for  specimens  to  be  immersed  were  above  the  optimum  values.  This 
discrepancy  was  not  intended  and  was  due  to  a  mistake  in  the  calculations 
but  is  not  considered  to  have  significant  effects  on  the  results. 
Puzinauskas  and  Kallas  (1961)  reported  that,  in  the  case  of  fine¬ 
grained  water- sensitive  soils,  compaction  water  contents  at  or 
somewhat  above  optimum  may  be  favorable. 

Figures  6  and  8  show  the  effect  of  asphalt  and  hydrated 
lime  on  the  percentage  of  void  space  filled  with  asphalt,  lime  and 
water  during  the  14  days  immersion  period.  These  plots  indicate 
a  slight  decrease,  followed  by  an  increase  in  the  volume  of  air  voids 
in  the  mixture  is  caused  by  increasing  the  immersion  period.  It  is 
believed  that  the  changes  represented  in  these  figures  may  be 
attributed  to  the  rate  of  water  absorption.  Figures  10  and  13  show 
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that  the  rate  of  water  absorption  appears  to  be  rapid  during  the 
first  days  of  the  immersion  period  with  the  rate  decreasing 
slightly  with  further  immersion. 

Tables  V,  VI,  and  VII  indicate  that  a  very  slight 
increase  in  the  volume  of  voids  in  the  mixture  is  caused  by  increasing 
asphalt  content.  Since  these  variations  are  small,  it  can  be  said  that 
the  influence  of  asphalt  on  the  mixture  voids  is  negligible. 

Figures  5  and  7  give  the  effect  of  hydrated  lime  and 
asphalt  on  the  percentage  of  void  space  filled  with  water  during  the 
14  days  immersion  period.  It  appears  to  be  very  little  change  in 
the  percentage  of  void  space  filled  with  water  for  the  various 
asphalt  contents.  Knowles  (1962)  also  found  the  same  relationship 
with  sand-lime-asphalt  mixtures.  However,  when  no  hydrated 
lime  was  used  in  the  mixture,  he  noticed  that  the  voids  filled 
with  water  were  markedly  reduced  by  increasing  asphalt  content. 

It  seems,  therefore,  that  the  hydrated  lime  tends  to  reduce  the 
effect  that  the  asphalt  content  has  on  the  amount  of  water  absorbed 
by  the  compacted  mix. 


Table  I  and  II  reveal  that  the  percentage  of  water  ab- 
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sorption,  tor  specimens  cured  7  days  and  28  days  at  room  temperature 
and  immersed  24  hours,  decreases  when  the  asphalt  content  gradually 
increases.  With  the  addition  of  5  per  cent  asphalt  in  the  mix,  the 
percentage  of  water  absorption  is  less  than  1  per  cent,  after  a  curing 
period  of  28  days.  When  only  3  per  cent  asphalt  is  added  to  the  mix, 
the  percentage  of  water  absorption  is  more  than  1.  30  per  cent. 

TablesI  and  II  also  show  that  gradually  increasing  asphalt 
content  in  the  mixture  results  in  decreasing  the  amount  of  swelling. 

The  percentage  of  increase  in  volume,  for  specimens  cured  28  days 
at  room  temperature  and  immersed  24  hours,  is  1.  08  and  1.  16  when 
5  per  cent  and  3  per  cent  of  asphalt  is  respectively  used.  Watt  (1961) 
with  the  same  clay  and  also  the  same  mixture  but  without  asphalt, 
reported  that  the  increase  in  volume  was  in  the  order  of  6.  82  per  cent, 
when  specimens  were  soaked  24  hours  after  a  curing  period  of  28  days 
in  a  moist  room.  Comparisons  of  these  values  demonstrate  that  the 
presence  of  asphalt  in  the  mixture  is  beneficial  and  tends  to  reduce  the 
specimen  expansion. 

Figures  9,  10,  12,  and  13  give  the  percentage  of  water  ab¬ 
sorption  and  volumetric  expansion  for  specimens  immersed  in  water 
immediately  after  compaction.  It  is  interesting  to  note  that  these 
figures  show  a  slight  decrease,  during  the  first  days  of  the  immersion 
period,  followed  by  an  increase  in  the  percentage  of  water  absorption 


f'  .  b:  !y'*T  ■  r  :  (  . 

H: 


- 

'  I  s 


57 


and  volumetric  expansion  in  tlie  mixture,  with  further  immersion, 
caused  by  increasing  asphalt  content.  These  changes  may  be  attributed 
to  the  presence  of  hydrated  lime  in  the  mixture,  since  Puzinauskas  and 
Kallas  (1961)  mentioned  that  asphalt  tends  to  retard  the  additive- 
soil  reactions.  Therefore,  it  is  believed  that,  during  the  first 
days  of  immersion  period,  these  reactions  do  not  have  the  time 
to  occur,  but  with  further  time  of  immersion,  these  reactions  have 
the  chance  to  take  place.  It  is  known  that  hydrated  lime  tends  to 
reduce  the  volume  changes  that  occur  in  soils.  It  is  also  believed 
that  the  speed  of  these  reactions  is  related  to  the  amount  of  asphalt 
in  the  mix.  This,  therefore,  would  explain  the  lower  percentage  of 
water  absorption  and  volumetric  expansion,  at  the  end  of  the  14-day 
immersion  period,  for  specimens  containing  3  per  cent  asphalt. 

These  figures  also  show  that  the  percentage  of  water  ab¬ 
sorption  and  volumetric  expansion  is  quite  high.  However,  it  should 
be  kept  in  mind  that  these  specimens  were  not  allowed  to  cure  prior 
to  immersion.  Tables  I  and  II  indicate  that  a  shorter  curing  period 
increases  the  percentage  of  water  absorption  and  volumetric  expansion. 
With  the  addition  of  3  per  cent  asphalt  to  the  mix,  the  percentage  of 
water  absorption  and  volumetric  expansion  is  2.  36  and  2.  10  re¬ 
spectively,  after  a  curing  period  of  7  days.  When  the  specimens 
are  permitted  to  cured  for  28  days  these  values  are  1.  18  and  1.  12 
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respectively.  It  is  evident  that  the  percentage  of  water  absorption 
and  volumetric  expansion  is  changed  when  the  specimens  are  allowed 
to  cure  prior  to  immersion. 

These  high  percentages  of  water  absorption  and  swelling 
may  have  been  influenced  by  the  low  asphalt  contents  used  in  this 
study  (2.4  per  cent  and  4.  0  per  cent  residual  asphalt).  In  fact,  if  the 
asphalt  content  were  not  sufficient  to  plug  the  void  spaces  in  the  mix, 
this  expansive  clay  would  absorb  water  and  swell  quite  rapidly. 
Different  soils  require  different  amounts  of  asphalt  for  most  ef¬ 
fective  waterproofing. 

Figures  11  and  14  give  the  relationship  between  the  per¬ 
centage  of  swelling  and  water  absorption.  It  is  interesting  to  note 
that  this  relationship  is  a  straight  line  when  5  per  cent  asphalt  is 
added  to  the  mix.  With  the  addition  of  3  per  cent  asphalt  to  the  mix, 
however,  this  straight  line  relationship  is  not  so  evident.  The 
reason  for  such  behavior  was  discussed  previously  and  it  was  at¬ 
tributed  to  lime  reactions. 

It  appears  that  the  immersion  test  performed  in  this 
study  was  too  severe.  Specimens  subjected  to  immersion  should 
have  probably  been  allowed  to  swell  under  a  surcharge  pressure 
comparable  to  that  afforded  by  a  typical  pavement.  It  is  believed 
that  the  percentage  of  swelling  and  water  absorption,  under  such 
conditions  would  have  been  reduced  markedly.  (Herrin  and  Mitchell,  1961) 
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IV.  3  EFFECTS  OF  ROTTING  PERIOD  ON  THE 
PROPERTIES  OF  CLAY- LIME- ASPHALT 
MIXTURES 

Delays  between  mixing  and  compaction  did  help  to  break 
down  clay  clods  and  improve  the  mix  uniformity.  It  appears,  however, 
that  changes  caused  by  the  action  of  lime  to  improve  the  final  mixing 
are  not  so  apparent  after  a  48-hour  delay. 

The  results  of  the  present  investigation  have  shown  that 
for  the  expansive  clay  soil  studied,  a  delay  between  mixing  and 
compaction  is  definitely  detrimental  in  term  of  strength.  Figures  1, 

2,  3,  and  4  show  that  a  reduction  of  strength  is  caused  by  increasing 
delays  between  mixing  and  compaction.  Figure  2  reveals  that  strengths 
decrease  by  as  much  as  16  per  cent  for  a  4-day  delay  between  mixing 
and  compaction,  for  specimens  cured  28  days  at  room  temperature. 

This  reduction  of  strength,  as  shown  in  figure  4,  is  more  than  45  per 
cent  for  specimens  immersed  in  water  for  14  days. 

The  influence  of  delays  on  the  density  and  the  volumetric 
expansion  is  not  so  evident.  Nevertheless,  Tables  I,  II,  III,  and  IV 
indicate  that  densities  tend  to  decrease  and  volumetric  expansions 
have  a  tendency  to  increase  when  delays  increase  between  mixing 
and  compaction. 

Thus,  on  the  basis  of  performance  of  samples,  it  might 
be  concluded  that  a  delay  in  compaction  would  be  disadvantageous. 
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On  the  other  hand,  Mitchell  and  Hooper  (1961)  concluded  that  delay 
between  mixing  and  compaction  is  not  detrimental  if  extra  compactive 
effort  is  provided  to  maintain  the  density. 

In  practice,  the  advantages  of  improved  mix  uniformity 
and  handling  characteristics  that  may  result  from  allowing  a  delay 
between  initial  mixing  and  reworking  prior  to  compaction  may 
justify  the  expenditure  of  more  compactive  effort  to  obtain  high 
density. 
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CHAPTER  V 

CONCLUSIONS  AND  RECOMMENDATIONS 


The  purpose  of  this  investigation  was  given  in  chapter  I, 
and  was  introduced  by  two  questions: 

1.  Is  the  pretreatment  with  lime  effective  in  reducing 
the  plasticity  of  the  highly  plastic  clay,  thus  making  the  clay  more 
"workable"  ? 

Z.  Is  the  addition  of  asphalt  beneficial  as  a  secondary 
additive  in  the  stabilization  of  highly  plastic  clay  modified  with  lime? 

In  the  following  conclusions,  the  answers  to  these  questions 

are  given. 


Y.  1  CONCLUSIONS 

The  first  question  receives  an  affirmative  reply  without 
any  doubt.  Pretreating  periods  with  lime,  prior  to  compaction,  reduce 
the  plasticity  of  the  clay  and  improve  its  handling  characteristics.  As 
mentioned  in  the  literature  survey,  the  plasticity  index  is  influenced 
by  the  length  of  time  the  lime  reacts  with  the  soil.  Test  results  sup¬ 
port  indications  from  the  literature  survey,  that  a  delay  between  mix¬ 
ing  and  compaction  is  detrimental  in  terms  of  strength,  density  and 
swell,  for  specimens  compacted  with  the  same  compactive  effort. 


It  also  appears  from  this  study  that  changes  caused  by  the  action  of 
lime  to  improve  the  workability  of  the  clay  are  not  so  apparent  after 
48-hour  delay. 

An  answer  to  the  second  question  concerning  benefits 
that  can  be  derived  from  the  conbined  use  of  asphalt  and  lime  in 
the  stabilization  of  the  highly  plastic  clay  appears  to  be  inconclusive. 

It  is  true  that  the  presence  of  asphalt  in  the  mix  tends  to  reduce  the 
strength  and  the  density,  but  the  principal  function  of  asphalt,  in 
such  a  mixture,  is  to  waterproof  the  compacted  soil  mass.  The 
results  from  this  report  indicated  that  the  waterproofing  characte¬ 
ristics,  for  specimens  cured  at  room  temperature  during  28  days, 
were  markedly  improved  by  the  addition  of  asphalt  in  the  mixture. 

With  the  results  from  the  immersion  test,  however,  the  waterproofing 
effects  of  asphalt  were  not  so  evident.  This  was  assumed  to  be  caused 
by  the  severity  of  the  test. 

On  the  basis  of  results  presented  in  this  study  the  general 
following  conclusions  are  offered: 

(1)  The  unconfined  compressive  strengths  of  clay-lime 
mixtures  are  markedly  affected  by  the  presence  of  asphalt.  Asphalt 
decreases  the  strength  of  compacted  mix. 

(2)  Systems  containing  asphalt  are  less  affected  by  the 
variations  in  the  compaction  liquid  content. 
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(.>)  Increasing  asphalt  content  lowers  the  density  and 
the  compressive  strength  of  the  compacted  specimen. 

(4)  The  maximum  strengths  for  the  systems  with  or 
without  asphalt  are  obtained  at  less  than  optimum  liquid  content. 

(5)  Optimum  water  content  is  lower  when  asphalt  is 
present  in  the  mixture. 

(6)  The  strengths  of  specimens  immersed  in  water  for 

7  and  14  days  show  no  significant  decrease  with  increasing  immersion 
period. 

(7)  Waterproofing  effects  are  improved  by  the  use  of 
more  asphalt. 

(8)  Delays  between  mixing  and  compaction  help  to  break 
down  clay  clods  and  improve  the  mix  uniformity. 

(9)  Delays  prior  to  compaction  are  detrimental  in  terms 
of  strength,  density  and  swell,  for  specimens  compacted  at  the  same 
compactive  effort. 

V.Z  RECOMMENDATIONS 

(1)  Further  sutdies  should  be  made  to  determine  the  exact 
amount  of  asphalt  require  to  waterproof  this  expansive  clay  treated 
with  lime.  In  addition,  durability  tests  should  be  performed  to 
evaluate  the  effects  of  cold  temperatures  on  these  mixtures.  It  is 
also  suggested  that  the  water  immersion  test  should  be  conducted  with  a 
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surcharge  pressure  applied  on  the  specimen,  during  the  immersion 
period. 

(2)  An  evaluation  of  this  highly  plastic  clay  is  not  complete 
without  a  comparison  of  its  effectiveness  with  cement.  Additional  in¬ 
vestigations  are  needed  to  determine  the  behavior  of  cement  with  this 
highly  plastic  clay.  The  clay  soil  to  be  stabilized  with  cement  should 
be  pretreated  with  lime  to  flocculate  the  soil  particles  and  thus 
facilitate  the  mixing  process. 

(3)  Investigators  in  the  field  of  clay-lime  stabilization 
claim  that  lime  materially  influences  the  swelling  of  soils.  Basic 
research  should  be  conducted  to  gain  a  more  thorough  knowledge  of 
the  effects  of  lime  upon  the  swelling  properties  of  this  expansive  clay. 
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A  PPE  NDI X  A 

CLASSIFICATION  TEST  PROCEDURES 

I.  SPECIFIC  GRAVITY 


The  following  procedure  was  used  to  determine  the  spe¬ 
cific  gravity  of  the  clay  and  the  lime. 

1.  A  500  milliliter  flask  was  calibrated  to  determine  the 
weight  of  the  flask  filled  with  water  at  temperatur esbetween  20C  and 
30C. 


2.  The  clean,  dry  flask  was  weighed  to  the  nearest  0.  01 


grams . 

3.  Approximately  50  grams  of  soil  was  placed  in  the  flask 
and  the  weight  of  the  air-dry  soil  in  the  glass  was  determined  to  the 
nearest  0.02  grams. 

4.  Approximately  250  milliliters  of  distilled  water  was 
added  slowly  to  the  flask  and  the  soil  was  mixed  into  the  water  by 
gently  shaking  the  flask. 

5.  The  mixture  was  allowed  to  soak  overnight  and  then  was 
de-aired  for  twenty  minutes  under  a  vacuum  of  0.  95  kg  per  sq  cm. 

6.  The  vacuum  was  released  at  the  completion  of  the  de- 
aired  procedure,  and  water  was  added  until  the  level  reached  the  neck 
of  the  bottle.  Complete  de-airing  was  checked  by  reapplying  the 
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vacuum  and  watching  for  a  significant  rise  in  the  water  level.  If  the 
rise  of  the  water  level  in  the  neck  of  the  bottle  was  less  than  one-half 
inch,  the  de-airing  was  considered  complete. 

7.  The  flask  was  filled  to  the  calibration  mark  with  water 
and  weighed  to  the  nearest  0.  01  grams. 

8.  The  temperatures  of  the  mixture  was  taken  immediately 
after  recording  the  weight  of  the  flask  filled  with  water  and  soil. 

9.  The  weight  of  the  flask  filled  with  water  was  calculated 
from  a  calibration  curve  using  the  temperature  obtained  in  8. 

10.  Having  determined  the  weight  of  soil,  Ws;  the  weight 
of  the  flask  filled  with  water  and  soil,  W^+w»s;  the  weight  of  the 
flask  filled  with  water,  W^tw;  the  specific  gravity  was  calculated 
form  the  equation: 

Gs  -  _ Wf _ 

Wfo+w  +WS  -  Wb+w-fS 

II.  THE  ATTERBERG  LIMITS 

Liquid  Limit 

The  procedure  outlined  in  ASTM  D423-54T,  was  used  to 
determine  the  liquid  limit  except  the  soil  was  soaked  overnight  at 


approximately  the  liquid  limit  before  the  test  was  conducted. 
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Plastic  Limit 

The  procedure  outlined  in  ASTM  D424-54T  was  followed  to 
determine  the  plastic  limit  except  the  soil  was  soaked  overnight  at 
approximately  the  plastic  limit  before  the  test  was  conducted. 

Ill  .  GRAIfsT  SIZE  ANALYSIS 

A  hydrometer  analysis  was  used  to  determine  the  grain 
size  distribution  of  the  clay.  The  following  detailed  procedure  was 
used  in  the  test: 

1.  A  moist  specimen  of  soil,  representing  approximately 
50  grams  dry  weight,  was  mixed  with  distilled  water  to  form  a  smooth 
thin  paste, 

2.  Twenty  cc  of  6%,  by  weight,  solution  of  sodium  hexa- 
metaphosphate  was  added  to  the  paste  as  a  dispersing  agent. 

3.  The  mixture  was  washed  into  a  dispersion  cup,  and  was 
stirred  mechanically  by  a  milk  shake  mixer  for  ten  minutes. 

4.  The  specimen,  after  mixing,  was  washed  into  a  graduated 
cylinder  and  distilled  water  was  added  to  bring  the  level  of  the  solution 
to  the  1000  cc  mark. 

5.  The  soil  and  water  were  mixed  in  the  graduate  by  placing 
the  palm  of  the  hand  over  the  open  end  and  turning  the  graduate  upside 
down.  The  graduate  was  rigorously  shaken  to  loosen  any  soil  that  was 
stuck  to  the  bottom  of  the  graduate. 
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6.  The  mixing  continued  until  the  graduate  has  been  inverted 
a  total  oi  thirty  times.  The  graduate  was  then  placed  on  a  table  and  a 
timer  was  started. 

7.  Hydrometer  readings  were  taken  at  total  elapsed  times 
of  1/4,  1/2,  1  and  2  minutes  without  removing  the  hydrometer. 

8.  The  suspension  was  then  remixed  and  the  test  was  re¬ 
started  with  the  first  reading  taken  at  2  minutes;  followed  by  readings 
at  4,  8,  15,  30  and  60  minutes  and  at  approximately  2,  4,  8,  12  and 
24  hours.  The  hydrometer  was  removed  from  the  suspension  after 
each  reading. 

9.  After  the  final  reading,  the  suspension  was  washed  into 
an  evaporating  dish  and  the  weight  of  the  soil  was  determined  by  oven 
drying  the  specimen. 

10.  The  hydrometer  had  been  previously  calibrated  and  a 
meniscus  correction  was  added  to  each  reading. 

11.  Corrections  for  the  volume  of  the  hydrometer  were 
made  for  the  readings  that  were  two  minutes  and  less. 

12.  The  corrected  readings  were  then  used  to  find  limiting 
diameters  for  the  various  elapsed  times  by  means  of  a  monograph, 
which  had  been  previously  calibrated  for  the  hydrometer. 

13.  Meniscus,  temperature,  and  density  corrections  were 
applied  to  the  original  readings  and  the  resultant  corrected  readings 
were  entered  into  the  following  equation: 
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w%  =  _hk)  .  gs  .  rh 
ws  Gs-  1 

where  Gs  was  the  specific  gravity  of  the  soil 

Ws  was  the  weight  of  oven-dry  soil  in  grams 
was  the  corrected  hydrometer  reading 
and  W%  was  the  percentage  of  the  total  dry  weight  of 
soil  finer  than  the  limiting  diameter,  calculated  in  12, 
for  each  elapsed  time. 

14.  The  results  were  plotted  on  a  graph  of  log  of  diameter 
versus  the  per  cent  finer  than  each  diameter. 

15.  The  percentages  of  sand,  silt  and  clay  sizes  were  read 


directly  from  the  graph. 
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SPECIFIC 


GRAVITY 


PRQ.JLLC T-L’ln. .  -Lime-  A;: -halt  4 tublllz-itlc  n 


SITE 


II  of  A 


SAM  PI  t 

lan tic  Clay 

LOCATION 

— Fnhler f  Alberta _ 

tLQ_LE_ 


DEPTH 


Sample  No. 

-U-.VUJJi  VJM 'V  .  ' 

1 

j  -a.  .  ...  wa  1  u  vuiy  . 

2 

Flask  No. 

P.B. 

A.B. 

Method  of  Air  Removal 

Vacuum 

Vacuum 

700.22  pjn. 

725.67  gm. 

Temperature  T 

22.8  °C 

22.75°C 

Wb«-w 

65 5 - 6l  gm. 

680.43  gm. 

Evaporating  Dish  No. 

8A 

9A 

Wt.  Sample  Dry  4  Di$h 

174.80  gm. 

181. 50  gm. 

Tare  Dish 

104,91  gm. 

110.59  gm. 

Ws 

69,89  gm. 

70.91  gm. 

Gs 

2.77, 

*  Weight  of  flosk  *  water  ♦  sample  at  T°. 

Wb.w  *  W eight  of  flosk  water  ot  X  (flosk  colibrotion  curve), 

Ws  =  Weight  of  dry  soil  w 

Gs  --Specific  gravity  of  soil  particles  ~-^-^b;wS-Wb+w  +  s 


Determination  of  Ws 

from  wet  soil 

sample: 

Sample  No. 

Sample  No. 

Container  No. 

Container  No. 

Wt.  Sample  Wet  4-Tare 

Wt.Test  Sample  Wet  +  Tare 

Wt.  Sample  Dry  +  Tore 

Tare  Container 

Wt.  Water 

Wt.Test  Sample  Wet 

Tare  Container 

ws 

Wt-  of  Dry  Soil 

Moisture  Content  'W'  % 

Description  of  Sample:  Highly  elastic  clay  from  Fahler.  Alberta 


Remarks: 
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DEP’T-  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 


JLLiYYhV  1  lAflU 

SITE 

—  i j  .Liny  —  .  vui.imh  1  “  4-  1  x  'Viyjw 

U  Qf  A 

.SAimJE 

Hic-hlv  Plastic  Clav 

location 

Fahlcr,  Alberta 

.HOLE 

DEPTH 

TECHNICIAN  I'.A.P.  DATE  July  6? . 


Trial  No- 


No.  of  Blows 


Container  No. 


Wt-  Sample  Wet  +  Tare 


Wt-  Sample  Dry  -t-Tore 


Liquid  Limit 


13 


109.41 


100,33 


12 


13 


109.33 


99.10 


99.32 


90.20 


35 


109.58 


99.97 


36 


~T~~ 

110.65 


100.15 


~W 


5a 


95.83 


86.36 


Wt-  Water 


9.08 


10.01 


Jj?P. 


9.61 


10.50 


9.47 


Tare  Container 


&Z.ti3 


84.88  77.28 


85.60 


84.39 


72.33 


Wt-  of  Dry  Soil 


13.20 


Moisture  Content  "u/% 


j8?„Z5 


14.44 


12.92 


14.37 


15.76 


14.03 


69.26 


68.80 


66, 85 


66.65 


67.45 


Average  Values 
/UA=  67.6 


Plastic  Limit 


Trial  No- 

L 

2 

3 

Container  No- 

7  ... 

8 

9 

Wt-  Sample  Wet+Tare 

87.27 

87.325 

86.57 

Wt-  Sam  pie  Dry +  Tare 

86.21 

85.80 

84.94 

Wt-  Water 

1706” 

1.525 

1.63 

Tare  Container 

82.42 

80.30 

79.12 

Wt-of  Dry  Soil 

3.79 

5.50 

5.82 

Moisture  Content  % 

28.0 

27.7 

28.0  | 

Shrinkage  Limit 


Trial  No- 

Container  No- 


Wt  Somple  Wet+Tare 

Wt-  Sample  Dry  +Tare 


Wt- Water 


Tare  Container 


Wt-of  Dry  Soil  Wo 


Moisture  Content 


Vol  -  Container 


V 


Vol-  Dry  Soil  Pat  Vo 

Shrinkage  Vol-  V-Vo 


Shrinkage  Limit  *we 


m  =  Gw 


-Vc 

o 


Description  of  Sample-- 


Highly  Plastic  Clay 


Remarks; 


The  soil  was  soaked  over  ni/rht 

before  running  the  test. 


7  8  9  10  15 

Number  of 


20  25  30  40 

Blows 


Material 

Sand  sizes 
Silt  sizes 
Clay  sizes 

The  soil  was 


HZ 


HYDROMETER  TEST 


Limiting  Diameter 

Pe  r  cent 

greater  than  0.  06  mm 

15% 

0.  002  mm  to  0.  06  mm 

30% 

less  than  0.  002  mm 

55% 

classified  as  a  highly  plastic  clay  (CH) 


under  the  Unified  Soil  Classification. 
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MOISTURE -DENSITY -STRENGTH  RELATIONSHIPS 

Moisture- density- strength  curves  were  run  using  cylindrical 
2-in.  by  4-in.  specimens  prepared  by  compacting  the  specimens  in  four 
equal  layers  with  a  compactive  effort  of  10  blows  per  ljayer  with  the 
5.5-lb.  hammer,  dropping  a  distance  of  12  inches.  The  clay-lime 
mixtures  were  compacted  after  rotting  periods  ranging  from  zero  to 
4  days,  while  the  clay- lime-asphalt  mixtures  were  compacted  after 
a  24-hour  rotting  period. 

After  the  compaction,  specimens  were  removed  from  the 
mold,  were  sealed  in  polyethylene  bags  and  cured  for  7  days  at  room 
temperature . 

At  the  end  of  the  curing  period,  specimens  were  removed 
from  the  bags,  were  measured  and  tested  for  unconfined  compression 
strength  using  a  Tinius  Olsen  Hydraulic  Compression  Testing  Machine. 
Specimens  were  broken  at  a  rate  of  strain  ranging  between  0.  096  and 
0.  108  inches  per  minute. 

Moisture-density  and  moisture- strength  curves,  for 
specimens  containing  5  per  cent  of  lime,  are  shown  in  figures  15  and 
16  respectively. 

Figures  17  and  18  respectively  show  moisture-density  and 
moisture- strength  relationships  for  specimens  containing  5  per  cent  of 
lime  and  3  or  5  per  cent  of  MC-3  asphalt. 
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COMPACTION  TEST 


PROJECT  Clnv-I.imn-AMpImlt  :’>t  billautioi 


SITE 

U  of  A 

SAMPLE 

Highly  Plastic  Clay  +  him 

LOCATION 

Clay  from  Pahler 

HOLE.  . 

DEPTH 

TECHNICIAN  P.A.B. 


I  Tr  1  a  1  Number 

1 

O 

3 

4 

5 

6 

7 

Mold  No- 

1 

1 

1 

1 

1 

1 

1 

C 

° 

Wt- Sample  Wet  +  Mold 

2586.5 

25$5.2 

2603.9 

2610.0 

2594.5 

2584.2 

2603.3 

Lc  «- 

C5 

Wt-  Mold 

220°. 0 

2209.0 

2209.0 

2209.0 

2209.0 

2209.0 

2209.0 

-  c 

4)  - 

Wt-  Sample  Wet 

377.5 

386.2 

394.9 

401.0 

385.5 

375.2 

394.3 

5  fc 

w 

Volume  Mold  Ft^ 

.007? 

.0072 

.0072 

.0072 

.0072 

.00?2 

.007?” 

l  c  a> 

Wet  Unit  Weiaht  lb*/ ft*3 

115.5 

118.2 

120.9 

122.7 

117.9 

114.6 

120.6 

pa 

Dry  Unit  Weight  Ib/ft-^ 

92.0 

95.8 

?6.5 

96.3 

89.6 

85.0 

9?.? 

1  C 

Container  No 

1 

2 

3 

4 

5 

6 

7 

®  d 

c  a 

Wt-  Sample  Wet  +  Tare 

159.35 

150.96 

161.44 

158.19 

163.51 

140.90 

171.6l 

I  ° 

p  □ 

Wt-  Sample  D ry  ■+■  Tare 

146.78 

138.47 

144.50 

142.56 

144.49 

123.25 

150.61 

[o  c 

I  w  * 

Wt-  Water 

12.57 

12.4Q 

16.94 

15.63 

19.02 

17.65 

21.00 

3  t 

Taro  Container 

87.10 

84.85 

77.25 

85.57 

84.38 

72.30 

82.38 

1  W  <D 

Wt-  Dry  Soil 

59.68 

53.6? 

67.25 

56.99 

60.11 

50.95 

68.23 

po 

Moisture  Content 

21.1 

23.3 

25.2 

27.5 

31.5 

34.7 

30.8 

|"t 

v 

•Q 


V 

£ 


c 

o 


Max*  Unit  Wt-  =  96.fr  ft* 
Opt-  Moist-  -.25.».7% 


Method  of  Compaction 


Diam.  Mold 
Height  Mold 


2.00  in. 


3.96  in. 


Volume  Mold.0072  ft^ 


No-  of  I  ayers  4  layers 
Blows  per  Layer  10 
Ht-  of  Free  Fall 
Wt-  of  Temper 


12  in. 

57TTT7 


Shape  of  Tamping  Foceround 
Description  of  Sample 


Highly  Plastic  Clay  with 

5 °Jo  Hydrated  calcitic  Lime 


Remarks 


Compaction  immediately 
after  mixing. 

Results  plotted  on  master 
graph. 


Moisture  Content 
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UNIVERSITY  of  ALBERTA 

DEP’T-  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

COMPACTION  TEST 


rnv-VE.  w  i  l .1 

SITE 

;iy  iiiimo-.njunn-u, 

U  Of  A 

SAMPLE 

Fabler  Clay  +  5%  Lima 

LOCATION 

HOLE 

DEPTH 

TECHNICIAN  P.A.B.  DATE 


Trial  Number 

1 

2 

3 

TT 

5 

...  6 

7 

Mold  No- 

2 

2 

O 

C 

2 

2 

2 

— 2 - 

c 

o 

Wt-  Sample  Wet  +  Mold 

2576.4 

2601.3 

2617.0 

2611.5 

2598.7 

2600/8 

2596.0 

-C  *- 

o>  c 

Wt-  Mold 

2204.6 

2204.6 

2204.6 

2204*6 

2204.6 

2204.6 

2204.6 

■S.E 

w 

Wt-  Sample  Wet 

777.8 

396.7 

412.4 

406.9 

394.1 

396.2 

391 .4 

Volume  Mold 

.00743 

.00743 

.00743 

.00743 

.00743 

.00743 

.00743 

♦-  ^ 
c  ^ 

Wet  Unit  Weiaht  Ib/ft-5 

110^5 

117.6 

122.5 

120.6 

116.9 

117.5 

11.6.0 

Z>  Q 

Dry  Unit  Weight  Ib/ft-^ 

90.5 

94.5 

06.2 

03.2 

88.75 

89.6 

86.2 

c 

Container  No- 

1 

2 

7 

4 

6 

6 

7 

4>  c 

C.  O 

Wt-  Sample  Wet  +  Tare 

161.36 

152.91 

134.82 

166.78 

162.62 

156.63 

139.18 

o  - 
O  n 

Wt-  Sample  Dry  +  Tare 

139.89 

139.62 

122.61 

139.92 

143.74 

136.56 

124.54 

4)  C 

w  ' 

Wt-  Water 

11.46 

13.29 

12.31 

15.86 

18.88 

20.07 

14.64 

3  b 

Tare  Container 

87.08 

84.84 

77.24 

85.5  6 

84.35 

72.29 

82.39 

W  45 

Wt-  Dr v  Soil 

63.81 

54.78 

46.27 

64.36 

59.39 

64.27 

42.15 

SQ 

Moisture  Content 

21.7 

24.3 

27.2 

29.2 

31.8 

312. 

34.8 

o* 

V 

$ 


Max-  Unit  Wt  =  96.fr  ft* 
Opt-  Moist-  =  JAl7% 


Method  of  Compaction 


piom.  Mold  2.02  in. 

Height  Mold  4.0  ^n* 

Volume  Mold  0.00743  ft^ 

No-  of  Layers  4 

Riows  per  Layer  10 

Ht-  of  Free  Fall  12  in* 

Wt-  of  Tamper  6.5  lb. 

Shape  of  Tamping  Face  round 
Description  of  Sample 

Highly  Plastic  Clay  with 

5 fo  Hydrated  calcitic  Lime 

Rem  arks 


Compaction  1  day  after 


Mixing. 


Results  plotted  on  master 


graph. 


Moisture  Content 


HH 


TECHNICIAN  P.A.B.  DATE  July  6?. 

Trial  Number 

1 

J) 

3 

4 

5 

6 

7 

c 

o 

Mold  No- 

2 

2 

2 

2 

0 

p 

Wt- Sample  Wet  +  Mold 

2673.7 

2599.8 

2612.0 

2.61s. 4 

2604.4 

?  59*1.0 

- -L* 

JZ  4- 

c»c 
■-  c 
»  — 

Wt-  Mold 

2204.4 

2204.4 

2204.4 

2204.4 

2204.4 

2204.4 

Wt-  Sample  Wet 

3^9.3 

395.'+ 

408.4 

410.7 

400.0 

190.6 

Unit  V 
Deter  r 

Volume  Mold 

• 00 741 

.00743 

.00743 

.00741 

.00741 

.00741 

Wet  Unit  Weiaht  lb-/ft3 

-  100.0 

117.*; 

171  .1 

171  0 

lip  7 

116.0 

Dry  Unit  Weight  lb-/ft-^ 

90/0 

94.2 

95.6 

94:6 

90.2 

87.5 

c 

*  c 
c  d 

o  - 

<->  a 

Container  No 

1 

O 

c 

3 

4 

5 

6 

Wt-  Samp le  Wet  +  Tare 

177.32 

162.48 

154.68 

1  *>1.18 

140.41 

146.11 

Wt-  Sample  Dry-PTare 

161.23 

147.12 

138.26 

119.82 

127.18 

127.91 

V  d 

Wt-  Water 

16.04 

15.36 

16.42 

15.56 

13.25 

18.22 

3  C| 

W-, 

W  CD 

O  n> 

50 

Tare  Container 

87.09 

84.86 

77.26 

85.58 

84.26 

72.30 

Wt-  Dry  Soil 

74.14 

62.26 

61.00 

54.24 

42.82 

55.61 

Moisture  Content 

21.7 

24.7 

26.9 

28.7 

30.9 

3?  •  8 

UNIVERSITY  of  ALBERTA 

DEP’T-  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 


SITE 


Lilt  ■> tublllzatloi 


IT  oi 


SAMPLE  KuhTer  Clay  t-  5'/>  ) lrn* 


LOCATION 

H.CLEL 


DEPTH 


•*- 

v 

-Q 


o> 

5 

£ 


Max-  Unit  Wt-  =  95.9/ft* 
Opt-  Moist-  =26.6% 


Method  of  Compaction 


Diam.  Mold 
Height  Mold 
Volume  Mold 
No-  of  Layers _ 4_ 


2..Q 2  in. 


4,0  in , 


,00743  ft3 


Blows  per  LayerlO 


Ht-  of  Free  Fall  12  in, 
Wt-  of  Tamper  5«5  Tb« 


Shape  of  Tamping  Face  round 
Description  of  Sample__ _ 


Highly  plastic  clay  with 

5/o  Hydrated  calcitic  Lime 


Rem  arks 


f!  run  par. -hi  p.n  7  Haya  n  f f.o-r 

Hi  Xlllg 


Results  plotted  on  master 

graph 


Moisture  Content  % 


I 
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UNIVERSITY  of  ALBERTA 

DEP’T  of  CIVIL  ENGINEERING 
SOIL  MECHANICS  LABORATORY 

COMPACTION  TEST 


PRO dE CT  Clav -Lime -Arjphti.Lt  Stahl  H-twiH 
1SITE 


SAMPLE 


_ UoIA 

Fahlor  Clay  *  5'>  bline 


LOCATION 


PI0.LEL 


TECHNICIAN  P.B. 


DEPTH 

DATE  My  62, 


Trial  Number 

1 

o 

3 

4 

o 

7 

Mold  No- 

2 

2 

O 

O 

C 

2 

2 

c 

_  o 

Wt- Sample  Wet  +  Mold 

2573.'+ 

2590.9 

2599.0 

■2609.5 

2615.2 

2614.5 

2607.9 

sz  *- 

CJ»  C 

Wt-  Mold 

2204.4 

2204.4 

2204.4 

2204.4 

2204.4 

2204.4 

2.  04.4 

—  cj 
a)  — 

Wt-  Sample  Wet 

374.0 

386.5 

394.6 

405.1 

410.8 

4]  0.1 

403.5 

?  M 

Volume  Mold 

.00743 

.007^3 

.00743 

.00743 

.oo743 

.00743 

.0074'T 

C 

Wet  Unit  Weight  lb-/ft^ 

112^3 

114.5 

117.0 

120.0 

121.6 

121.5 

I2O.2 

z>a 

Dry  Unit  Weight  Ib/ft-^ 

92.5 

93.1 

94.3 

96.3 

96.2 

94.9 

90.3 

C 

Container  No 

1 

2 

3 

4 

5 

6 

7 

"  a 
c  o 

Wt-Sample  Wet+Tare 

164.75 

153.34 

156.12 

157.51 

159.72 

151.31 

145.54 

o  - 
o  n 

Wt-  Sample  D ry  -f  Tare 

151.11 

140.47 

140.78 

143.28 

143.96 

134.40 

131.41 

o  c 
w  * 

Wt-  Water 

13.64 

12.37 

15.34 

14.23 

15.76 

17.41 

14.13 

^  t 

■*—  w_ 

Tare  Container 

87.14 

84.69 

77.30 

85.61 

84.40 

72.34 

82.43 

to  a? 

Wt-  Dry  Soil 

63.97 

55.58 

63.48 

57.67 

59.56 

62.06 

48.98 

SO 

Moisture  Content 

21.4 

23.1 

24.2 

24.7 

26.5 

28.0 

28.9 

s 

-Q 


n 

ai 

5 

£ 


Max*  Unit  Wt=96.f/ft* 
Opt-  Moist-  =2.5^5.  % 


Method  of  Compaction 


pinm.  Mold  2.02  in. 

Heigh*  Mold  4.00  in. 

Volume  Mold  0.00743  ft^ 

No-  of  Lavers  4 

Blows  per  Layer  10 

Ht-  of  Free  Fall  12  in. 

Wt-  of  TamDer  5.5  lb. 

Shape  of  Tamping  Face  round 

Description  of  Sample 

Highly  plastic  clay  with 

5 io  Hydrated  calcitic  Lime 

Rem  arks 

Compaction  3  days  after 

mixing'. 

Results  plotted  on  master 

graph. 

Moisture  Content  % 


. 
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UNIVERSITY  of  ALBERTA 

DEP’T-  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

COMPACTION  TEST 

PRO  JEGT^lny-Lime-Aophal  t  3 tahil izatl or 

SI  1  1  u  of  l 

SAMPLE  Fahler  Clay  +  5$  Lima 

LOCATION 

HOLE  DEPTH 

TECHNICIAN  P.B.  DATE  July  62. 

Trial  Number 

. .  1 

3 

4 

6 

6 

7 

c 

_  o 

Mold  No- 

' 

2 

2 

o 

c. 

2 

2 

2 

Wt-  Sample  Wet  +  Mold 

2672.2 

2536.0 

25°8.1 

2606.9 

2607.1 

2611.8 

£606.8 

Unit  Weigh' 
Determinati 

Wt-  Mold 

2204.4 

2204.4 

2204.4 

2204.4 

2204.4 

2204.4 

2204.4 

Wt-  Sample  Wet 

367.8 

381.6 

393.7 

402.5 

402.7 

407.4 

402.4 

Volume  Mold 

.00743 

.00743 

.00743 

.00743 

.00743 

.00743 

.00743 

Wet  Unit  Weight  lb-/ft** 

10.8^8 

112.9 

116.6 

119.4 

119.5 

120.8 

119.5 

Dry  Unit  Weight  Ib/ft-^ 

89.9 

92.4 

94.5 

95.8 

95.3 

94.7 

92.7 

C 

*  c 

c  a 

Container  No 

1 

o 

** 

3 

4 

5 

6 

7 

W1-  Sample  Wet  +  Tare 

179.31 

192.07 

150.18 

168.49 

159.88 

153.03 

163.70 

o  — 
o  n 

Wt- Sample  Dry  +  Tare 

163.21 

172.61 

136.30 

152.10 

144.39 

139.43 

145.48 

4)  C 

^  * 

Wt-  Water 

16.10 

17.96 

13.88 

16.39 

15.49 

18.60 

18.22 

3  E 

■«-  w_ 

40  O) 

Tare  Container 

87.13 

84.89 

77.28 

86.60 

84.39 

72.32 

82.42 

Wt-  Dry  Soil 

76.08 

87.72 

59.02 

66. 60 

60.00 

67.11 

63.06 

50 

Moisture  Content 

21.2 

22.2 

23.5 

24.6 

25.8 

27.7 

28.9 

Method  of  Compaction 


Diam.  Mold  2.02  in. _ 

Height  Mold  _ 4.Q.Q  ..in, - 

Volume  Mold  0.00743  ft^ 

No-  of  Layers _ 4 _ 

Blows  per  Lover  10 _ 

Ht-  of  Free  Fall  12  in« 

Wt-  of  Tamper _ 6.6  lbs. 

Shape  of  Tamping  Face  round. 
Description  of  Sample _ 


Hi 


plastic  clay  with 


'ighly 

5fo  Hydrated  calcitic  Lime 


Remarks _ 

Compaction  4  days  after 

mixing. 


Rpanlts  plotted  ori  master 

granh 


Moisture  Content  % 


impactivc 


Procto:  • 


Hiiuvwii 


iiiijivurt?i 


if^nnwi 


151 

TF1 

j  -  4- 

ffq 

H-H 

I 

•4  T 

44- 

t_i  j.  j 

-J-  _| 

•  -(- 

4  f-f- 

mra. 


:a»ift»3itMiffliBia; 


iniflMflEii 


■ 


UNIVERSITY  of  ALBERTA 

DEP’T-  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

COMPACTION  TEST 


PROJECT  ClaY-bimo-^pMl  t  Otal- i  H-/.nl- i<fr 
SITE _ U  of  A 


SAMPLE  Fabler  ola.v  •»  5<-/>  Hmr  >  MCI 


LOCATION 


MOLL 


DEPTH 


TECHNICIAN 


P.A.B. 


Trial  Number 

1 

3 

3 

4 

5 

6 

Mold  No- 

2 

2 

O 

c 

2 

1 

1 

C 

o 

Wt- Sample  Wet  +  Mold 

2565.3 

2577.5 

2 597.1 

2604.1 

2607.0 

2590.7 

jC  *- 
cnC 

Wt-  Mold 

3200.0 

2200.0 

2200.0 

2200.0 

2203,0 

2203.0 

—  c 

V  — 

Wt-  Sample  Wet 

165.3 

377.5 

397.1 

404.1 

404.0 

382.7 

?  t 
w 

Volume  Mold 

.00743 

.00743 

.00743 

.00743 

.00713 

.0072 

4) 

c  a> 

Wet  Unit  Weiaht  lb-/ft^ 

108.3 

111.9 

117.8 

120.0 

1 2  o . r> 

117.2 

DO 

Dry  Unit  Weight  Ib/ft-^ 

91.8 

93.9 

97.2 

97.8 

97.4 

89.3 

•— 

c 

Container  No- 

1 

2 

3 

4 

5 

6 

*  c 
c  o 

Wt-  Sample  Wet  +  Tare 

148.09 

147.88 

158.00 

151.73 

140.53 

139.62 

Wt-  Sample  Dry +  Tare 

137.74 

137.74 

145.21 

139.22 

128.51 

125.1? 

*>  C 

w  ■ 

Wt-  Water 

10.35 

10.14 

12.79 

12.51 

12.02 

14.50 

3  b 

w- 

Tare  Container 

80.29 

84.42 

84.68 

84.36 

84.48\ 

79.15 

t/>  45 

Wt-  Dry  Soil 

57.45 

53.33 

60.53 

54.86 

44.03 

45.97 

5a 

Moisture  Content 

18.0 

19.0 

21.1 

22.9 

27.3 

31.6 

£ 

I 

■C 

c* 

V 

£ 


Max-  Unit  Wt-=97.9M/ft* 
Opt-  Moist-  £!tiL  % 


Method  of  Compaction 


,  2—Qfl. 


2.Q2-  in. 


Diam.  Mold  Mold-1  Mold-2 


Height  Mold  3  «9.6. 
Volume  Mold  *0072 
No-  of  Layers _ 


4.00  in. 


.00743  ft3 


Blows  per  Layer 
Ht-  of  Free  Fall 
Wt-  of  Tamper _ 


10 


12  in. 


5.5  lb. 


Shape  of  Tamping  Face  round. 
Description  of  Sample _ 

Highly  plastic  clay  +  3% 

asphalt  +  5 i°  lime 


Rem  arks 


Compaction  I  day  after 


mixing 


•Rpanlt.3  plotted  on  master 


gTapfr 


Asphalt  added  prior  to 


r. 


Moisture  Content  % 


Ir 


PROJECT  Clay- 

'  ime-n.aphnlt  Ctnbillzatlr 

SITE 

U  of  A 

SAMPLE  Faille r 

alav  +  V/o  lime  +  5 °!°  MC3 

LOCATION 

HOLE 

DEPTH 

UNIVERSITY  of  ALBERTA 

DEP’T-  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

COMPACTION  TEST 


TECHNICIAN  P.O. 


DATE  July  62, 


Trial  Number 

1 

O 

c 

A 

4 

5 

6 

c 

o 

Mold  No- 

O 

C 

' 

2 

2 

1 

1 

Wt- Sample  Wet  +  Mold 

2563.9 

2582.0 

2594.8 

2612.6 

2596.8 

2583.0 

■C  +- 
O'  C 

—  c 

V  - 

Wt-  Mold 

2200.0 

2200.0 

2200.0 

2200.0 

2203.0 

2203.0 

Wt-  Sample  Wet 

363.9 

382.0 

394.8 

412.6 

393.8 

380.0 

$  C 
w. 

Volume  Mold 

.00743 

.00743 

.00743 

.00743 

.0072 

.0072 

Unit 

Dett 

Wet  Unit  Weight  Ib-Zft* 

107.5 

113.2 

117.0 

122.3 

120.5 

116.2 

Dry  Unit  Weight  lb-/ft-3 

91.4 

94.? 

96,6 

96.7 

93 . 5 

87.3 

♦- 

c 

"  c 
c  o 

Container  No- 

1 

2 

3 

4 

5 

6 

Wt-  Sample  Wet  +  Tare 

148.64 

127.28 

143.19 

. 142. 11 

145.74 

145.33 

Wt-  Sample  Dry  +  Tare 

139.07 

119.74 

131 .66 

129.77 

131.53 

129.39 

O  C 

V-  * 

Wt-  Water 

9.57 

7.54 

11.53 

12.34 

14.21 

15.94 

3  t 

O  a? 
5a 

Tare  Container 

84.49 

81-35 

77.42 

83.15 

82.44 

80.32 

Wt-  Dry  Soil 

...  54.58 

31.39 

54.24 

46. 62 

49.09 

49.07 

Moisture  Content 

17.5 

19.7 

21.3 

26.5 

29.0 

32.5 

N 

•Q 


-C 

o» 

5 


c 

3 


Max-  Unit  Wt-  =97 . 67ft* 
Opt-  Moist-  =24,0  % 


Method  of  Compaction 


Mold-1  Mold-2 


Diam.  Mold 
Height  Mold 
Volume  Mold  .0072 
No-  of  Layers _ 


.JLLIQ _ ZM-Xuj 

3.9 6  4.00  in. 

.00743  ft3 


Blows  per  Layer 
Ht-  of  Free  Fall 
Wt-  of  Tamper _ 


10 


12  in. 


5-5  lb. 


Shape  of  Tamping  Face  round 
Description  of  Sample _ 


Highly  plastic  clay  +  5% 

lime  +  5%  asphalt 


Rem  arks - 

Companion.,!  d,ay after 


mixing 


Results  plotted  .on  master. 


graph ♦ 


Asnhalt  added  prior  to 


compaction. 


Moisture  Content  % 
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LIME-FLYASH  STABILIZATION  OF  FINE  GRAINED  SOIL 

Originally  it  was  thought  that  lime-flyash  stabilized  soils 
might  develop  higher  compressive  strength  than  lime-pozzolan- soil 
mixtures. 

Hutchinson  ^performed  a  quantitative  comparison  on  four 
different  types  of  pozzolans,  and  he  found  that  the  pozzolan  from 
Diamond  City  exhibited  the  highest  strength. 

In  this  study,  in  order  to  determine  the  effectiveness  of 
several  pozzolanic  materials,  the  Diamond  City  Shale  is  compared 
with  two  types  of  flyashes. 


MAT  E  R I A  LS 


The  source  and  supplier  of  the  pozzolan  and  flyashes  are 
given  in  Table  I. 


TABLE  I  -  SOURCE  OF  THE  POZZOLAN 

AND  FLYASHES. 

SOURCE  SUPPLIER 


Pozzolan  No.  A 
Flyash  No.  B 
Flyash  No.  C 


Diamond  City 
F  or r estberg 
Drumheller 


Western  Minerals  Ltd. 

Halliburton  Oil  Well 
Cementing  Co. 

II  II  II  II 


1 
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The  chemical  constituents  of  the  pozzolan  and  flyashes  are 
given  in  Table  II.  The  chemical  analysis  of  the  pozzolan  was  supplied 
by  Western  Minerals  Ltd.  ,  while  the  analysis  of  flyashes  B  and  C  were 
performed  by  Halliburton  Oil  Well  Cementing  Co. 


TABLE  II  -  CHEMICAL  PROPERTIES  OF  THE  POZZOLAN 

AND  FLYASHES 

Chemical  Constituents  (%  by  wt.  ) 


A 

B 

C 

Silica 

61. 98 

48.  5 

54.  77 

Alumina 

20.  41 

21.6 

19.  47 

Iron  Oxide 

4.  91 

6.  5 

7.  79 

Calcium  Oxide 

2.  60 

14.  6 

7.  70 

Magnesium  Oxide 

2.  50 

1.  9 

1.  51 

Sodium  Oxide 

0.  68 

- 

- 

Potassium  Oxide 

0.  12 

- 

- 

Undetermined 

4.  08 

- 

- 

Sulphur  Trioxide 

- 

T  race 

.  16 

Loss  on  Ignition 

2.  82 

4.  8 

5.  45 

Table  III  shows  the  chemical  analysis  of  the  hydrated  lime. 
The  hydrated  calcitic  lime  was  supplied  from  Loders  Lime  (Alberta) 
Limited.  The  chemical  analysis  of  the  lime  was  performed  by  the 
manufacturer . 


TABLE  III  -  CHEMICAL  PROPERTIES  OF  LIME 
Chemical  Constituents  (%  by  wt.  ) 


Calcium  Oxide  74.  8 

Magnesium  Oxide  1.2 

Iron  Oxide,  Aluminum  Oxide  0.4 

Silica  0.  3 

Loss  on  Ignition  22.9 


, 

' 


’'I  '  '  > 
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Table  IV  indicates  the  source  and  type  of  soil  used  with 
the  lime,  pozzolan  or  flyashes. 

TABLE  IV-  SOIL  TYPE 

TYPE  SOURCE 

Soil  No.  1  Highly  plastic  clay  Fahler 

Soil  No.  2  Medium-fine  sand  Hennig  Pit 

LABORATORY  PROGRAM 

The  laboratory  program  was  the  one  used  by  Hutchinson 
in  its  investigation. 

Cylindrical  2-in.  by  4-in.  specimens  of  each  mixture  were 
prepared  by  compacting  the  specimens  in  four  equal  layers  with  a 
compactive  effort  of  10  blows  per  layer  of  the  standard  compaction 
hammer  (5.5-lb.  and  12*.  in.  drop). 

A  15%  admixture  of  each  pozzolan  and  calcitic  hydrated 
lime  by  weight  of  the  dry  soil,  with  a  weight  ratio  of  pozzolan  to  lime 
of  2:1,  was  added  to  the  following  soil  water  mixture: 

A.  Soil  1  plus  25%  water  by  weight  of  dry  soil 

B,  Soil  2  plus  17%  water  by  weight  of  dry  soil 

These  moisture  conditions  represent  closely  the  optimum  water  re¬ 
quirements  of  the  compaction  procedure  used;  a  compactive  effort 
of  10  blows  per  layer  for  the  2-in.  x  4-in,  cylindrical  sample  achieves 
a  density  about  equal  to  the  standard  compaction  test  (Standard  Proctor). 


' 


A  replication  of  six  specimens  was  used  for  each  test,  and 
the  samples  were  sealed  in  polythene  bags  and  cured  at  room  temperature 
for  periods  of  7  and  28  days.  After  the  curing  period,  the  samples  were 
measured  and  tested  by  means  of  the  Tinius  Olsen  Hydraulic  Jesting 
Machine.  The  unconfined  compressive  strength  of  the  specimens  were 
computed  using  the  corrected  area.  The  average  compressive  strength 
of  each  mixture  is  shown  in  Table  V. 


TABLE  V  -  COMPRESSIVE  STRENGTH 

RESULTS 


POZZOLAN  FLYASHES 

ABC 


7 

28 

7 

28 

7 

28 

days 

days 

days 

days 

days 

days 

psi 

psi 

psi 

psi 

psi 

psi 

SOIL  TYPE 

1 

171  278  169 

234 

164 

217 

2 

29  40  26 

23 

20 

22 

On 

the  basis  of  the  compressive 

strength 

results,  the 

pozzolan  "A"  exhibited  higher  strength  than  the  two  types  of  flyashes. 


. 


-  '  .  .  1  .-J  r-  •,  £*<.  ,’X.  '  V," 
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APPENDIX  D 

METHOD  OF  CALCULATING  VOID  PROPERTIES 

The  following  method  of  calculating  the  void  properties 
of  the  specimens  will  offer  an  explanation  of  some  of  the  terms  used 
in  the  body  of  this  report. 

(1)  Weight  of  Materials  Added  = 

=  Dry  Sample  Weight  -  Dry  sample  Weight  x  100 

1  ♦  A% 

where : 

A  E  Total  percentage  of  materials  added 
=  B  ♦  C 

B  s  Per  cent  of  asphalt  added 
C  =  Per  cent  of  lime  added 

(2)  Weight  of  Soil  Solids  = 

-  Weight  of  Wet  Sample  -  Weight  of  Additives 

(3)  Weight  of  Water  = 

z  Weight  of  Wet  Sample  -  Weight  of  Dry  Sample 

(4)  Volume  of  Soil  Solids  = 

=  Dry  Sample  Weight  -  Weight  of  Additives 
Specific  Gravity  of  Soil  Solids 

(5)  Volume  of  Voids  = 


=  Volume  of  Sample  -  Volume  of  Soil  Solids 


LOO 


(6)  Per  Cent  Voids  Filled  with  Asphalt  s 

_ Weight  of  Asphalt _ 

-  Specific  Gravity  of  Asphalt  x  1 
Volume  of  Voids 

(7)  Per  Cent  Voids  Filled  with  Lime  = 

Weight  of  Lime 

=  Specific  Gravity  of  Lime  x  1 

Volume  of  Voids 

(8)  Per  Cent  Voids  Filled  with  Water  = 

Weight  of  Water 

=  Specific  Gravity  of  Water  x  1 

Volume  of  Voids 

(9)  Total  Void  as  Per  Cent  of  Total  Mix  = 

=  Volume  of  Voids _  x  1 

Total  Volume  of  Sample 


00 

00 

00 

00 


.... 


W  .  V  ; 


I  0  I 
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SUMMARY  OF  DATA  SHEETS 
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CLAY 

-LIME- ASPHALT 

STABILIZATION 

Pretreating  Period 

days 

Teat  No. 

1 

it 

Optimum  Moisture  Content 

_2t,  7  * 

Percent  Additive 

10 

(Cley-Lirae  Mixtures'* 

Mix  Design 

Date  Constructed 

1  1 1  V 

10 

Wt.  Lime  (  8  ft) 

l  1  7  S  gm. 

Date  Broken 

Jul 

1  8 

Wt.  Asphalt  (  <j>  $>) 

117.5  pm . 

Curing  Period 

7 

days 

Wt.  Soil  +  6  HoO 

2500. 0  pm. 

Soaking  Period 

l 

day 

W’t.  Water 

475.  0 

pm. 

Immersion  Period 

days 

Moulding  Moisture  Content 

Results 

Container  No. 

Aver.  Dry  Unit  Wt.  - 

pcf 

92. 8 

Wt.  Wet  Soil  +  Tare 

136. 87pm. 

Aver.  Unconf.  Load  - 

lbs. 

jLLL. 

5.3 

Wt.  Dry  Soil  +  Tare 

12  5.  19«n>. 

Aver.  Unconf.  Press. 

-  psi 

-5Q. 

A. 

Wt.  Moisture 

1 1  .  6sgm. 

Aver.  Soaked  Moist. 

-  * 

24. 

78 

Wt.  Tare 

77,  5 (km. 

Aver.  Water  Absorption  - 

0. 

$5 

Wt.  Dry  Soil 

47  f,«m. 

Aver.  Swelling  -  $ 

Moisture  Content 

24.  5*6 

Sample  No: 

5.1  A 1 

51A2 

5  1  A3 

51A4 

5  1A5 

5  1A6 

Sample  Heivht  -  inch 

4.  050 

4.  075 

3.  962 

4.  052 

4.  067 

4.058 

Wt.  Vet  Sample  -  pm. 

39.1.3 

391 .  9 

379.0 

387.0  . 

391.  3 

386.  0 

Dry  Unit  Wt.  -  pcf 

915 

93.  0 

92.5 

02.  4 

93.  2 

92.  0 

Unconf.  Load  -  lbs. 

176.  0 

151.8 

160.  6 

169.  4 

16  5.0 

158. 4 

Unconf.  Press.  -  psi 

5 4.2 

46.  5 

49.  3 

52.  2 

50.  8 

48. 8 

Tare  No: 

1 

2 

3 

4 

5 

6 

Wt.  Wet  Soil  +  Tare 

436.03 

4  3  3.  9b 

422.  10 

432. 78 

435. 24 

430.  35 

Wt.  Dry  Soil  +  Tare 

357. 98 

356. 62 

346. 85 

355. 85 

357.  73 

354. 52 

W t .  Mo i s  ture 

78. 05 

77.  34 

75.  25 

76.  93 

77.  51 

75.  83 

Wt.  Tare 

44.  92 

44.  40 

4  3.35 

45.  65 

44.  60 

45.  10 

Wt.  Dry  Soil 

313.  06 

312.22 

303.  50 

3 10. 20 

313.  13 

309.42 

Soaked  Moist.  Cor.t.  ^ 

25.  0 

24.8 

24.  9 

24.  8 

24.  7 

24.  5 

. 
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CLAY-LIME  .ASFHALT  STABILISATION 


Pretreating  Period 

days 

Test  No. 

7  1 2 

Optimum  Moisture  Content 

Zb 

7  < 

Percent  Additive 

10  

(Clay-Lime  Mixtures) 

Mix  Design 

Date  Constructed 

July:  10 

Wt.  Lime  (  3  $) 

117, 

,  ^  gm. 

Date  Broken 

\  u  e  u  >l 

Wt.  Asphalt  (  s  $>) 

1 11 

8  firo . 

Curing  Period 

■  28 

day3 

Wt.  Soil  +  ^  i*  HpO 

2  3 00 .  0  pm . 

Soaking  Period 

i 

day 

Wt.  Water 

1 7 1 

a  .  0pm. 

Immersion  Period 

days 

Moulding  Moisture  Content 

Results 

Container  No. 

) 

Aver.  Dry  Unit  Wt.  - 

pcf 

02.. 4 

Wt.  Wet  Soil  +  Tare 

1 58. 

07  pro. 

Aver.  Unconf.  Load  - 

lbs. 

206. 6 1 

Wt.  Dry  Soil  +  Tare 

LLL. 

2  1  go. 

Aver.  Unconf.  Press. 

-  psi 

6  3.5 

Wt.  Moisture 

14. 

73gm. 

Aver.  Soaked  Moist. 

-  * 

25.  5 

Wt.  Tare 

84. 

-*0gm. 

Aver.  Water  Absorption  - 

1.  16 

Wt.  Dry  Soil 

5  9 . 

Aver.  Swelling  -  $ 

1  .  08 

Moisture  Content 

24. 

7 ’< 

Sample  No: 

51A7 

5  1A8 

5  1  A0 

51A10 

51  A  l  1 

3  1  A  1  ?. 

Sample  Height  -  inch 

4.007 

4.  007 

4.020 

4. 005  . 

4.003 

.3.  986 

Wt.  Wet  Sample  -  gm. 

382. 08 

36 3.15 

383.  87 

382. 72 

381.  29 

380. 29 

Dry  Unit  Wt.  -  pcf 

92.  6 

92.  6 

9.2.  3 

92. 4 

92. 2 

.  92.3 

Unconf.  Load  -  lbs. 

190.  3 

209.  0 

220.  0 

217.8 

193.6 

209.  0 

Unconf.  Press.  -  psi 

.58.9 

64.  5 

6  7.9 

67.2 

59.  5 

63.2 

• 

Tare  No: 

lb 

21 

3  b 

4b  .  . 

5b 

6b 

Wt.  Wet  Soil  +  Tare 

.  599.02 

613.35 

612.01 

602. 63 

631.  50 

601  01 

Wt.  Dry  Soil  +  Tare 

52  3.  27 

536.21 

532.  35 

524. 46 

552. 81 

524. 38 

Wt.  Moisture 

75.  75 

.77.  14 

79.  66 

78.  17 

81. 69. 

.  76.63 

Wt.  Tare 

213.81 

228. 00 

224  87 

2  16  19 

250  34 

217.65 

Wt.  Dry  Soil 

309. 46 

308. 2  1 

307. 48 

308. 07 

302. 47 

306. 73 

Soaked  Moist,  Cont.  ^ 

25.  0 

25.  1 

25.  8 

25.  3 

26.9 

25.  0 

. 
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CLAY- LIME -ASF HALT  STABILIZATION 


Pretreating  Period 

daye 

Test  No. 

11  -  IB 

Optimum  Moisture  Content 

?< i 

Percent  Additive 

(Clay-Lime  Mixtures) 

Mix  Design 

Date  Constructed 

July  a 

Wt.  Lime  (  _ _ jG) 

117- S 

Date  Broken 

Jill  7  .1? 

Wt.  Asphalt  (  _ _ f) 

■  '  gm . 

Curing  Period 

days 

Wt.  Soil  +  6  i  H20 

c.pn.0  cm. 

Soaking  Period 

1 

day 

Wt.  Water 

?5*0  gm. 

Immersion  Period 

days 

Moulding  Moisture  Content 

Results 

Container  No. 

134 

Aver.  Dry  Unit  Wt.  - 

pcf 

Wt.  Wet  Soil  +  Tare 

1.  :.92g m. 

Aver.  Unconf.  Load  - 

lbs. 

...  9.3.33 

Wt.  Dry  Soil  +  Tare 

2  'gn. 

Aver.  Unconf.  Press. 

-  psi 

•  3 

Wt.  Moisture 

1  *  5 i «m . 

Aver.  Soaked  Moist. 

-  * 

26.7 

Wt.  Tare 

79.71otj. 

Aver.  Water  Absorption  -  i 

0.49 

Wt.  Dry  Soil 

4n  .6?gm. 

Aver.  Swelling  -  i 

Moisture  Content 

* 

Sample  No: 

5.A13 

5233  4 

5?Ac15 

S2  Al6 

5:  '17 

5  7  1 1 3 

Sample  Height  -  inch 

1 .021 

4.921 

4.016 

4,909 

4 , 0 16 

4.0  08 

Wt.  Wet  Sample  -  cm. 

K-.373.7 

374.1 

3  7  ^ » 0 

374.5 

376.0 

376.^ 

Dry  Unit  Wt.  -  pcf 

9  0.5 

90.6 

90.4 

91.3 

91 .3 

91.6 

Unconf.  Load  -  lbs. 

92.4 

88.0 

92.4 

92 .4 

llO.o 

96.8  . 

Unconf.  Press.  -  psi 

28.6  t* 

27.1 

78.5 

26.7 

oh  1 

i 

37.1 

1 

Tare  No: 

2 

3 

4 

5 

6 

Wt.  Wet  Soil  +  Tare 

416.98 

417.27 

..  34  t  -? 

413.6? 

419.31 

+19. 97 

Wt.  Dry  Soil  +  Tare 

938.32 

838.40 

335.42 

34c ,26 

34n.63v 

*  Ov 

Wt,  Moisture 

78.36 

78.87 

78.77 

78.37 

78.63 

7r:  4 

Wt.  Tare 

44.92 

♦  »  ' 

48.3*5 

45.65 

44.60 

45.10 

Wt.  Dry  Soil 

293.70 

294.00 

.  292.07 

.'94.60 

296.03 

...  73 

Soaked  Moi3t.  Cont.  i 

26.7 

26.8 

0  7  0 

* 

7  6  •  6 

26.5 

2  6.7 

Lp 


■ 
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CLAY-LIME- ASPHALT  STABILIZATION 


Fretreating  Period 

days 

Test  No. 

Optimum  Moisture  Content 

Percent  Additive 

10 

(Clay-Lime  Mixtures) 

Mix  Design 

Date  Constructed 

Wt.  Lime  (  £) 

117.5 

gm . 

Date  Broken 

Wt.  Asphalt  (  5  fl) 

i  1  r  * 

pm . 

Curing;  Period 

,g8 

days 

Wt.  Soil  +  6  £  H20 

r  COi'  ( ' 

-  1 

fiTTl  . 

Soaking  Period 

1 

day 

Wt.  Water 

ii  7 <  o 

• 

gm. 

Immersion  Period 

days 

Moulding  Moisture  Content 

Results 

Container  No. 

r 

Aver.  Dry  Unit  Wt.  - 

pcf 

QO  £ 

w  ,  .  a  | 

Wt.  Wet  Soil  +  Tare 

13c.61 

gm. 

Aver.  Unconf.  Load  - 

lbs. 

150.23 

Wt.  Dry  Soil  +  Tare 

1  5  ^  ^  1 

gm. 

Aver.  Unconf.  Press. 

-  psi 

67.5 

Wt.  Moisture 

■<  0  p  rj  o 

gm. 

Aver.  Soaked  Moist. 

-* 

oh 

Wt.  Tare 

O  A  r?  A 

gm. 

Aver,  Water  Absorption  -  i° 

0 . 59 

Wt.  Dry  Soil 

gm. 

Aver.  Swelling  -  $ 

0  *  54 

Moisture  Content 

p   (] 

Sample  No: 

12.19 

57  77 

52A21 

5?  A  22 

5?  -?3 

52  -24 

Sample  Height  -  inch 

5.008 

1  .091 

4.000 

6.011 

.029 

Wt.  Wet  Sample  -  gm. 

^74.8 

4.74 „ < 

074.8 

36.6 

36£.8 

787.4  .. 

Dry  Unit  Wt.  -  pcf 

91.8 

91 .  * 

01  O 

• 

°3.8 

°7.5 

97.3 

Unconf.  Load  -  lbs. 

1  ^  A  O 

107.  o 

123.? 

"I  1°  O 
« 

166.1 

IRA  A 

-  O 

Unconf.  Press.  -  psi 

7  C;  , 

'  « 

.33. c  . 

op.  1 

<7.7 

41.6 

86.7 

Tare  No: 

7r. 

9  a 

1  (  -7. 

11a 

12  a 

Wt.  Wet  Soil  +  Tare 

{•71  30 

4,90 

479.?5 

Kl  ,44 

486. "6 

491.52 

Wt.  Dry  Soil  +  Tare 

896. ■ 0 

4oo bro 

40".? 6 

357.74 

417.42 

•16.19 

Wt.  Moisture 

7<  s  c  i 

7‘  .10 

.7^  CO 

9 

73,°  a 

7°  .96 

73.  K 

Wt.  Tare 

100.40 

104.91 

IK,  64 

4<.0° 

100.69 

104,91 

Wt.  Dry  Soil 

COi  1 

29r.£°  . 

296.6?. 

317.55 

612.93 

317.28 

Soaked  Moi3t.  Cont.  $ 

p  c;  7 

259 

7/.  e- 

V  . 

2%  7 

23.3 

p'3  a  4 

• 
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CLAY 

-LIME -ASP HALT 

STABILIZATION 

Pretreating  Period 

days 

Test  No. 

Optimum  Moisture  Content 

.  i* 

Percent  Additive 

( Clay-Lime  Mixtures) 

Mix  Design 

Date  Constructed 

Wt.  Lime  ( 

2*5  gm. 

Date  Broken 

July  ?n 

Wt.  Asphalt  (  r'  $>) 

p m , 

Curing  Period 

days 

Wt.  Soil  +  %  H20 

.  'l  PTD. 

Soaking  Period 

day 

Wt.  Water 

' V  .  ■  *m. 

Immersion  Period 

days 

Moulding  Moisture  Content 

Results 

Container  No. 

i 

Aver.  Dry  Unit  Wt.  - 

pcf 

97.  4 

Wt.  Wet  Soil  +  Tare 

/I  gm . 

Aver.  Unconf.  Load  - 

lbs. 

no.°  ■ 

Wt.  Dry  Soil  +  Tare 

gm. 

Aver.  Unconf.  Press. 

-  psi 

94. 

Wt.  Moisture 

« a. 

Aver.  Soaked  Moist. 

-  * 

2  4.69 

Wt.  Tare 

gm. 

Aver.  Water  Absorption  -  io 

Q„  0 

Wt,  Dry  Soil 

r't49  gm. 

Aver.  Swelling  -  $ 

Moisture  Content 

-2-3.7.  * 

Sample  No: 

57  A?  9 

57  V"  6 

97427 

57;.,-4 

5^42° 

93;  ^0 

Sample  Heivht  -  inch 

4.019 

4.0]  o 

’  .024 

^  .318 

4.006 

4.0  ‘0 

Wt.  Vet  Sample  -  gm. 

175.7 

974  .0 

77  7,6  . 

784,0 

104.0 

Dry  Unit  Wt.  -  pcf 

93.? 

97.4 

97.0 

QO  » 

97.9 

Unconf.  Load  -  lbs. 

101.? 

]07.fi 

7  rW  -a 

-  -  l  i  > 

11  '.4 

102,  a 

172.- 

Unconf.  Press.  -  psi 

31 .6 

77.9 

7?  7 

71'.  5 

,0  7 

37.2 

Tare  No: 

lc 

2  c 

7  c 

4o 

5c 

6c 

Wt.  Wet  Soil  +  Tare 

431.17  . 

423.10 

425,37 

4  ?9 . 

43  7,o' 

427. 10 

Wt.  Dry  Soil  +  Tare 

-4.  6 

353.?? 

749.7: 

350.6^ 

351.07 

7  51.'4 

Wt,  Moisture 

.  76. tl 

...79,13  . 

75.61 

76.30 

7C,  96 

7r  r  56 

Wt.  Tare 

44.94 

44.40 

47.0  9 

45.65 

44 , 60 

42.10 

Wt.  Dry  Soil 

'10. 32 

90  9,  c? 

^  n  £  o  o 

-  t  . 

'IA'7  0 

70f  .  ; 

• 

Soaked  Moist,  Cont. 

0  i ;  * 

• 

2  1 .4 

4.7 

24.75 

•-'4.8 

n 

1  V  ' 

►  '  ? 


. 


University  of  Alberta 


CLAY 

-LIME-ASPHALT 

STABILIZATION 

Pretreating  Period 

days 

Test  No. 

^  r,  )  n 

Optimum  Moisture  Content 

* 

Percent  Additive 

10 

(Clay-Lime  Mixtures) 

Mix  Design 

Date  Constructed 

jlllV  r> 

Wt.  Lime  (  6  ^) 

1 1?* \Pm. 

Date  Broken 

’n!, 

Wt.  Asphalt  (  $>) 

117- 6  pm. 

Curing  Period 

days 

wt.  Soil  +  o  <  H20 

2500. Own. 

Soaking  Period 

1 

day 

Wt.  Water 

— Il #»• 

Immersion  Period 

days 

Moulding  Moisture  Content 

Results 

Container  No. 

7a 

Aver.  Dry  Unit  Wt.  - 

pcf 

.9':  Jr 

Wt.  Wet  Soil  +  Tare 

147.57  pm. 

Aver.  Unconf.  Load  - 

lbs. 

1  ir.73 

Wt,  Dry  Soil  +  Tare 

;  . -  o  pm. 

Aver.  Unconf.  Press. 

-  psi 

17 .  6 

Wt.  Moisture 

...  11 .21 «m. 

Aver.  Soaked  Moist. 

-  1o 

V  •  ' 

Wt.  Tare 

r4.88pm. 

Aver.  Water  Absorption  - 

0.60 

Wt.  Dry  Soil 

7  ®  40  oti  . 

Aver.  Swelling  -  $ 

Moisture  Content 

i.7  io 

Sample  No: 

cr  ^  A  A  t 

••tO 

53  A?  6 

574  7 

53A28 

53A29 

5  7  A3  9 

Sample  Height  -  inch 

.4.01? 

4.019 

4.024 

4.018 

4.006 

,000 

Wt.  Wet  Sample  -  gm. 

3.87.0 

38*5.0 

7  34*0 

785.6 

7  84.0 

38  i.O 

Dry  Unit  Wt.  -  pcf 

oo  0 

93.4 

97.0 

93,4 

93.4 

97.5 

Unconf.  Load  -  lbs. 

101.2 

107.3 

107.8  . 

1 1  6.  6 

lPn-8 

127.2  ... 

Unconf.  Press.  -  psi 

71.6 

.37.6 

37.7 

.  -76.5 

.  72.7 

7&,5 

Tare  No: 

 .  1c 

2  c 

^  A 

4  c 

8c 

6c. 

Wt.  Wet  Soil  +  Tare 

431.17 

42.8.1  o' 

426,33  . 

429.80- 

4’ 7-07 

i27.  .  0 

Wt.  Dry  Soil  +  Tare 

364.96 

7  57*92 

<49.7?  . 

763.56 

n 61.07 

761.  'A  

Wt,  Moisture 

76.31 

76.18 

-75.61 

76.24 

75.  6 

...  76  • '.  6  .. 

Wt.  Tare 

44.94 

44.40 

7.7  6 

.  46.6  .  

44.0  c 

45.10 

Wt.  Dry  Soil 

.310.92 

308. c i 

706.1? 

.  107 . 21 .  .. 

707  47 

77  ?4 

Soaked  Moist.  Cont.  ^ 

24.6 

24.4 

24.7 

24,75 

24.8 

^4.7 

. 

University  of  Alberta 

CLA1 

-LIME- ASPHALT 

STABILIZATION 

Pretreating  Period  _ _ 

days 

Test  No. 

Optimum  Moisture  Content 

^*5  * 

Percent  Additive 

10 

(Clay-Lime  Mixtures) 

Mix  Design 

Date  Constructed 

July 

Wt.  Lime  (  ^) 

117.5  gm  . 

Date  Broken 

Aw,"  Jf- 

Wt.  Asphalt  (  5  fi) 

gm. 

Curing  Period 

28 

days 

Wt.  Soil  +  6  #  H20 

•  '  am. 

Soaking  Period 

1 

day 

Wt.  Water 

476.0  pm. 

Immersion  Period 

day3 

Moulding  Moisture  Content 

Results 

Container  No. 

'  c 

Aver.  Dry  Unit  Wt.  - 

pcf 

on  ■> 

Wt.  Wet  Soil  +  Tare 

8.91  gm. 

Aver.  Unconf.  Load  - 

lbs. 

nv.8 

Wt.  Dry  Soil  +  Tare 

.81  pm. 

Aver.  Unconf.  Press. 

-  psi 

ho  o 

Wt.  Moisture 

.  ituoegm. 

Aver.  Soaked  Moist. 

-  * 

on  ^ 

W  t .  Tare 

5 . 7  5«m . 

Aver.  Water  Absorption  -  % 

0,8 

Wt.  Dry  Soil 

.  41.-5 Ram. 

Aver.  Swelling  -  $ 

■  } 

Moisture  Content 

:h,2  io 

Sample  No: 

5.1471 

67  572 

61  All 

53.A34 

5377  6 

57H6 

Sample  Heivht  -  inch 

3.^0 

4.710 

4.018 

4.012 

4.017 

Wt.  Wet  Sample  -  gm. 

.181.: 

78  f  .7 

"76.0 

,  0 

386.0 

38  r  .5 

Dry  Unit  Wt.  -  pcf 

?1^ 

97.4 

91.1 

91.0 

?:.i 

9? .  1 

Unconf.  Load  -  lb9. 

146.7 

138,6 

3  78.6 

1  0  Q 

1  •  s 

127.6 

147  .Q 

Unconf.  Press.  -  psi 

45.6 

41. 1 

47.2 

40.9 

19.9 

44.6 

Tare  No: 

In 

2a 

la  ... 

•'4  p. 

r;  r 

6  a 

Wt.  Wet  Soil  +  Tare 

423 . 1-4 

C  IQ 

• 

' 

•  V 

1  'l  r-  O 

t  . 

48? . ? 9 

4:.  4.19 

Wt.  Dry  Soil  +  Tare 

"50.89 

151.6? 

41:  .3. 6 

412.41 

418.91 

411 .63 

Wt.  Moisture 

f,  < 

7'  ."7 

7  . 

73*15 

73.38 

72.76 

Wt.  Tare 

.?  o  1  Q 

ii  n  r,  n 

.  * 

r  \85 

1  n3.0"’ 

96.90 

103 .6? 

Wt.  Dry  Soil 

1C'?.51 

71 0.1? 

lop.ll 

10°. 14 

310.01 

309.96 

Soaked  Moist.  Cont.  "6 

no  ?r 

e 

23.1 

21.7 

21.6 

'  a  7 

23.5 

' 


■ 


• 

1 
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V09 


CLAY-LIME-ASPHALT  STABILIZATION 


Pretreating  Period 

days 

Test  No. 

37-4? 

Optimum  Moisture  Content 
( Clay-Lime  Mixtures) 

?4.S  <> 

Percent  Additive 

in 

Mix  Design 

Date  Constructed 

July  1 ‘ 

Wt.  Lime  (  5  £) 

11 7. 5«m. 

Date  Broken 

July  "I 

Wt.  Asphalt  (  5  ft) 

Curing  Period 

days 

Wt.  Soil  +  6  io  H20 

'MMi.  g-m. 

Soaking  Period 

day 

Wt.  Water 

Moulding  Moisture  Content 

475. 0«m. 

Immersion  Period 

Results 

days 

Container  No. 

4a 

Aver.  Dry  Unit  Wt.  -  pcf 

92.9 

Wt.  Wet  Soil  +  Tare 

.13*.  <«m. 

Aver.  Unconf.  Load  -  lbs. 

143.33 

Wt.  Dry  Soil  +  Tare 

Aver.  Unconf.  Press.  -  psi 

45.0 

Wt.  Moisture 

-  •  ‘  OT  . 

Aver.  Soaked  Moist.  -  i 

?4..? 

W  t .  Tare 

'  • '  pm . 

Aver.  Water  Absorption  -  i 

0.52 

Wt.  Dry  Soil 

Moisture  Content 

1  f  . :  «m. 

24.3  ^ 

Aver.  Swelling  -  $ 

Sample  No: 

*2  4  A3  7 

54  A3  a 

:  '4A39  . 

54.t-.40 

54441 

54  442 

Sample  Heivht  -  inch 

•  4.00'? 

4  .009 

4,014 

3.907 

4.7Q4 

4.020 

Wt.  Wet  Sample  -  pm. 

<-*»  r>  ^ 

^ 

734.2 

-5.3 

370.7 

3.9 

385.3 

Dry  Unit  Wt.  -  pcf 

_ 

92.9 

9".  ■ 

93  2 

77.4 

92.9 

Unconf.  Load  -  lbs. 

151.6 

147.4 

140.8 

1.97.4 

138.6 

134.7 

Unconf.  Press.  -  psi 

47,6 

46.1 

44.  C 

46.1 

43.5 

47.0 

Tare  No: 

V 

..3 

4 

5 

.  .  6 

Wt.  Wet  Soil  +  Tare 

!l-)Q  or 

• 

427.68 

9:  0.55 

414.90 

428.81 

429.24 

Wt.  Dry  Soil  +  Tare 

5  53.87 

749.7 : 

74?,69 

354.16 

355.01 

Wt.  Moisture 

74.98 

74.40 

75.05 

72.21 

74.65 

*7  J •  9  - 

Wt.  Tare 

44  .94 

44.40 

4°  .75 

't  < 

t  .  _ 

44.6-0 

4  c,  10 

Wt.  Dry  Soil 

701.73 

pn4 .85 

310.15 

2-97.04 

309 . 56 

309.91 

Soaked  Moist.  Cont.  i 

94  "A 

24.4 

24.1 

nl.  O 
-  -+ . ; 

24.1 

University  of  Alberta 
CLAY-LIME-ASPHALT  STABILISATION 


Pretreating  Period 

d  ays 

Teat  No. 

Optimum  Moisture  Content 

4> 

Percent  Additive 

i 

(Clay-Lime  Mixtures) 

Mix  Design 

Date  Constructed 

Jul  y 

]  ■* 

Wt.  Lime  ( 

.  gm. 

Date  Broken 

•  i  UP 

Wt.  Asphalt  (  * 

^TTl  9 

Curing  Period 

days 

Wt.  Soil  +  £  H20 

'  ''O  .  )  gTTJ. 

Soaking  Period 

1 

day 

Wt.  Water 

pm. 

Immersion  Period 

days 

Moulding  Moisture  Content 

Results 

Container  No. 

7 

Aver.  Dry  Unit  Wt.  - 

pcf 

. 

3 

Wt.  Wet  Soil  +  Tare 

_ X  ■_  i  ,  • 

Aver.  Unconf.  Load  - 

lbs. 

ie- . 

65 

Wt.  Dry  Soil  +  Tare 

Aver.  Unconf.  Press. 

-  psi 

0 

A 
\ ) 

Wt.  Moisture 

Aver.  Soaked  Moist.  • 

-  * 

o 

Wt.  Tare 

go. 

Aver.  Water  Absorption  -  ^ 

0 . 

♦ 

67 

Wt.  Dry  Soil 

Aver.  Swelling  -  $ 

42 

Moisture  Content 

r  < 

Sample  No: 

54  >A? 

5  4A4  4 

5'*A‘»6 

54A46 

54.(4? 

54a43 

Sample  Height  -  inch 

4.012 

4.014 

3 . 984 

'  ,26’ 

.017 

4.710 

Wt.  Wet  Sample  -  gm. 

386.9 

3  -4/’ 

■:  P a 

*  *- 

386.9 

383,0 

Dry  Unit  Wt.  -  pcf 

93.4 

9'. 

o'  7 

V  1 

O'}  7 

T7.5 

92.5 

Unconf.  Load  -  lbs. 

n  q  o 
• '  ?  4 

184.6 

207 ,  A 

71^,6 

160.-; 

139.2 

Unconf.  Press.  -  psi 

56.6 

-  57,6 

62.7 

7,7  a 

f  « 

50.2 

59.3 

Tare  No: 

la 

4  a 

s- 

6a 

Wt.  Wet  Soil  +  Tare 

1  07  Jr 

477-47 

4h6  .  .0 

•433*42 

462.47 

^  31.  3c 

Wt.  Dry  Soil  +  Tare 

7  <6-4. 46 

7  C i>  IQ 

*»  -  y 

,42 

ull .30 

410,09 

!  ]0,4r; 

Wt.  Moisture 

/Q  Oil 

73.18 

72*18 

76*40 

.41 

Wt.  Tare 

4  7.1  S 

•iO  7  A 

*  . 

102.76 

103.09 

D  p  A  A 

101.6 7 

Wt.  Dry  Soil 

1  0 

31°, 39 

309.57 

700  .  1 

31*  .39 

708.30 

Soaked  Moist,  Cont.  5? 

1 9 . 6 

?r.3 

7.4 

>3.4 

• 

27.1 

University  of  Alberta  \\\ 

CLAY-LIME -ASPHALT  STABILIZATION 


Pretreating  Period 

days 

Test  No. 

Optimum  Moisture  Content 

-6.7  * 

Percent  Additive 

0 

( Clay-Lime  Mixtures) 

Mix  Design 

Date  Constructed 

Wt.  Lime  (  S  ^) 

Date  Broken 

Wt.  Asphalt  (  _ f>) 

• '  pm . 

Curing  Period 

n 

days 

Wt.  Soil  <  H20 

*01.0  pra. 

Soaking  Period 

] 

day 

Wt.  Water 

1  -  #>m. 

Immersion  Period 

days 

Moulding  Moisture  Content 

Results 

Container  No. 

Aver.  Dry  Unit  Wt.  - 

pcf 

?u 

Wt.  Wet  Soil  +  Tare 

i 

c 

IT 

r 

Aver.  Unconf.  Load  - 

lbs. 

•3 

Wt.  Dry  Soil  +  Tare 

.  •  pm. 

Aver.  Unconf.  Press. 

-  psi 

.  7 

Wt.  Moisture 

’ '  .40  Rtn. 

Aver.  Soaked  Moist. 

-  1o 

^  p.  £  £ 

e 

W  t .  Tare 

gm. 

Aver.  Water  Absorption  -  i<> 

O  / 

Wt.  Dry  Soil 

5°.i9  pm. 

Aver.  Swelling  -  °fo 

-  --  -  >  -  ■ 

Moisture  Content 

* 

Sample  No: 

ti  /..ho 

1  *«  *() 

OlAftl 

31  52 

31  ,\ft  7 

71  A  54 

Sample  Height  -  inch 

.  . .  86 

4-OftO 

4 . 09° 

4 , 087 

4,081 

lit; 

Wt.  Wet  Sample  -  pm. 

dm n 

A  n  ft 

197.  < 

9 or  7 

1  •  '4 

0  O ,  A 

Dry  Unit  Wt.  -  pcf 

Oft.- 

7". 7 

94.3 

V.  c; 

Q  •  1  K 

✓  o  .. 

.8 

Unconf.  Load  -  lbs. 

1  *0 . 7 

1  1.0.'' 

177.1 

IIP,  6 

118.7 

Unconf.  Press.  -  psi 

■10  . ' 

?7,6 

f  

IP. 7 

47.4 

Tare  No: 

lp 

?a 

In 

4a 

.  5^ 

Pn 

Wt.  Wet  Soil  +  Tare 

A-l ;  . r  ft 

4;'i»29 

U  p  <7  £ 

r 1C, 1ft 

rC"  .  • 

Wt.  Dry  Soil  +  Tare 

' 78.19 

4  ..  ,7  - 

f,  ,  r 

471.69 

4°4.19 

Wt.  Moisture 

7  . 7  ( 

£  O  0  3 

A-  1  -*'3* 

68.14 

Wt.  Tare 

4  °  "  n 

4-  .48 

107.93 

?8.?° 

10 1 , n? 

Wt.  Dry  Soil 

to 4  on 

■  l  J  mb 

3.3  C.  90 

.111.71 

r  ,„i  . 

Soaked  Moist.  Cont.  ^ 

'lie  • 

71.1 

70*? 

19.2,5 

90.  ft 

> : .  5 

University  of  Alberta 
CLAY- LIME -ASP HALT  STABILIZATION 


\\2 


Pretreating  Feriod 

day» 

Test  No. 

C  /A 

Optimum  Moisture  Content 

Percent  Additive 

( Clay-Lime  Mixtures) 

Mix  Desi^ 

Date  Constructed 

11  1 " 

Wt.  Lime  (  fi) 

gm. 

Date  Broken 

Wt.  Asphalt  (  tf>) 

• 

pm . 

Curing  Period 

days 

Wt.  Soil  +  ,  $  HjO 

~  snr  n 

pm. 

Soaking  Period 

day 

W't.  Water 

-#0 

pm. 

Immersion  Period 

days 

Moulding  Moisture  Content 

Results 

Container  No, 

1 

Aver.  Dry  Unit  Wt.  - 

pcf 

'  . 

Wt.  Wet  Soil  +  Tare 

160,^3 

gm. 

Aver.  Unconf.  Load  - 

lbs. 

Wt,  Dry  Soil  +  Tare 

.  1 

pm. 

Aver.  Unconf.  Press. 

-  psi 

r?  c  o 

Wt.  Moisture 

]  .56 

gm. 

Aver.  Soaked  Moist. 

f,  /■/a 

W  t .  Tare 

on  pi 

9 

gm. 

Aver.  Water  Absorption  -  $ 

i  i  q 

■  r  * 

Wt.  Dry  Soil 

gm. 

Aver.  Swelling  - 

i . ' : 

Moisture  Content  3  4 «  i» 


Sample  No: 

3U55 

^  *  r  ✓ 

. ,  .  7 

T]  ' 

31-  '  . 

3 1 A  OC 

Sample  Heivht  -  inch 

4.0 

i  1  r\  t :  ■. 

1 »  <\riQ 

4.06- 

4,0'li 

4,047 

Wt.  Vet  Sample  -  gm. 

*.0  0  A 
 •  v. 

3?7,4 

^39  q 

3°7«  5 

'  9  <.  9 

9fn  r, 

Dry  Unit  Wt.  -  pcf 

94,  p 

9/  ='-; 

9/3 

?6,7 

o.1  sn 

94.1 

Unconf.  Load  -  lbs. 

O  "|  r>  n 
t ■- 

288.: 

181,5 

339.3 

' '  7.7 

334.0 

Unconf.  PTess.  -  psi 

9f.4- 

88  4 

• 

5^,  1 

73 .  v 

0,4 

7?.  3 

Tare  No: 

1  n 

9,-. 

4n 

6a 

Wt.  Wet  Soil  +  Tare 

490.^0 

_  S  .  9 

40 7 

<  -  /  9  “ 

ct  <  .q 

4-08.40 

408. 13 

496.49 

Wt.  Dry  Soil  +  Tare 

430.36 

417.97' 

417.6 

420,48 

420.7  ' 

41  .4 

Wt.  Moisture 

79.44 

78.^ 

7" ,  :-l 

77.9  ' 

’7 .4] 

76. 

Wt.  Tare 

1 02. US 

100.  L  *5 

Q£  #PO 

101 .63 

1 "  .  i  1 

104.5? 

V/t.  Dry  Soil 

917. 4? 

->1  Q  Q-< 

3  IP. 79 

317.61 

"1".70 

Soaked  Moist.  Cont.  % 

35.° 

34. 9 

n 

9  l 

O  / 1  c' 

3’  ,4 

94.9 

University 

of  Alberta 

\U2> 

CLAY 

-LIME-ASPHALT  STABILIZATION 

Pretreating  Period  ;; 

days 

Test  No. 

61-66 

Optimum  Moisture  Content 

< 

Percent  Additive 

3 

(Clay-Lime  Mixtures-) 

Mix  Design 

Date  Constructed 

Jul  v  ' 0 

Wt.  Lime  (  $) 

g m. 

Date  Broken 

July  ?8 

Vt.  Asphalt  (  $>) 

ftm. 

Curing  Period 

days 

Wt.  Soil  +8.  $  H20 

gm. 

Soaking  Period 

1 

day 

Wt.  Water 

2/  gm . 

Immersion  Period 

days 

Moulding  Moisture  Content 

Results 

Container  No. 

o 

Aver.  Dry  Unit  Wt,  - 

pcf 

Qr„  1 

• 

Wt.  Wet  Soil  +  Tare 

1*0.28  «m. 

Aver.  Unconf.  Load  - 

lbs. 

3  2-3-9 

Wt,  Dry  Soil  +  Tare 

13.6. t'O  gm. 

Aver.  Unconf.  Press. 

-  psi 

37.7 

Wt.  Moisture 

13-68  go. 

Aver.  Soaked  Moist. 

pp  7 < 

Wt.  Tare 

30.30  gm. 

Aver.  Water  Absorption  -  $ 

?.4'j 

Wt.  Dry  Soil 

<6,90  gm. 

Aver.  Swelling  -  $ 

2.41 

Moisture  Content 

24.3  ^ 

Sample  Nor 

— 

32361 

32A/y 

— 

32463 

32A64 

32A65 

3?A6A 

Sample  Height  -  inch 

4.086 

L.,059 

4,090 

4.036 

4.082 

4.052 

Wt.  Wet  Sample  -  gm. 

3Q7«45 

39''.  6: 

3Qr .06 

393,5° 

39^.17 

396,66 

Dry  Unit  Wt.  -  pcf 

.  94,4 

94.7 

03  Q 

,  A  - 

93 .3 

9.,4» 

°4;7 

Unconf.  Load  -  lbs. 

130.8 

130,9 

116.4 

1AP.9 

124.3 

134.2 

Unconf.  Press.  -  psi 

09. " 

40.0 

34.8 

j.  * 

37.7 

4i  .i 

Tare  Nor 

1c 

2a 

3a 

4  a 

.  . .  6a 

.  0^ 

Wt.  Wet  Soil  +  Tare 

44.5,03 

644.40 

.503*01  

500.79 

424,^ 

43.71 

Wt.  Dry  Soil  +  Tare 

370.18 

.369*71 

4°3 .35 

4  2  6.°? 

421.39 

4:0.95 

Wt.  Moisture 

74.85 

?4 , 69 

74.16 

73*19  . 

73.21 

71.36 

Wt.  Tare 

43.20 

43.43 

10.7  *.92 

103.12  . 

99*89 

101 .72 

■It.  Dry  Soil 

026.93 

326.23 

323.17 

372.50 

318.63 

Soaked  Moist,  Cont.  ^ 

2£ti.. 

op  0 

— - . 

22.7 

22.9 

27.7 

22.4 

. 


University  of  Alberta  V\4 

CLAY- LIME -ASP HA LT  STABILIZATION 


Pretreating  Period 

days 

Test  No. 

*67-7^ 

Optimum  Moisture  Content 

io 

Percent  Additive 

( Clay-Lime  Mixtures) 

Mix  Design 

Date  Constructed 

July  .  0 

Wt.  Lime  (  r  ft 

ll'u5 

Date  Broken 

Annin  t 

Wt.  Asphalt  (  ^  ft) 

.  /m. 

Curing  Period 

days 

Wt.  Soil  +8.5  °fo  h2o 

'.o  pm. 

Soaking  Period 

day 

Wt.  Water 

A"  ,0  pm. 

Immersion  Period 

days 

Moulding  Moisture  Content 

Results 

Container  No. 

Aver.  Dry  Unit  Wt.  - 

pcf 

-  ^  f  *  - 

Wt,  Wet  Soil  +  Tare 

LO.AS  OT  . 

Aver.  Unconf.  Load  - 

lbs. 

??o.5 

Wt.  Dry  Soil  +  Tare 

1  23*67  gm. 

Aver.  Unconf.  Press. 

-  psi 

7G  .  3.6 

Wt.  Moisture 

l.9r'  OT. 

Aver.  Soaked  Moist. 

25.3 

Wt.  Tare 

79.1?  gm. 

Aver.  Water  Absorption  -  *fo 

1.  r 

Wt,  Dry  Soil 

L  ' • ’  . 

Aver.  Swelling  -  i» 

1.  c4 

Moisture  Content 

24.2  # 

Sample  No: 

37A68 

37  A  49 

32A?0 

3  3  A  71 

32Ar;7 

Sample  Heivht  -  inch 

4.06? 

4.058 

4.0  57 

4.054 

4.059 

4,0b2 

Wt.  Wet  Sample  -  gm. 

.89  <.3 

...? .,J 

-Q  <  %  9 

094.8 

• 

3°4. 0 

Dry  Unit  Wt.  -  pcf 

Ob  ' 

CT;  1 

94.  5 

94.2 

94 . 3 

94.0 

Unconf.  Load  -  lbs. 

0  p  p, 

211.6 

2  <  7 , 4 

229.9 

242  .0 

213.4 

Unconf.  Press.  -  psi 

On  u 
(J* 

c.4 , 5 

81.1 

70.o 

74,7 

64.8 

Tare  No: 

1 

2 

4 

5 

6 

Wt.  Wet  Soil  +  Tare 

VO 

• 

0 

-O' 

-1" 

439.38 

44  ,74 

441.05 

46 0 , 4/ 

439,19 

Wt.  Dry  Soil  +  Tare 

360.86 

3,59.47 

358.71 

8  61 . 0  2 

36-0.r9 

359.82 

Wt.  Moisture 

73.71 

-79.91 

80.13 

80.0? 

-.7? 

79.28 

Wt.  Tare 

44.9'- 

44.42 

;0.40 

45.66 

44.61 

45.09 

Wt.  Dry  Soil 

315.  ->0 

3 1  c  .  4  P 

815.31 

315.34 

7  16. 0° 

3 14  „  71 

Soaked  Moist.  Cont.  ^ 

?  4 . 2 

_ 

-75.4  . 

pcli 

ii[  <*  . 

25.2 

. 


University  of  Alberta 


CLAY. 

-LIME -ASPHALT 

STABILIZATION 

Pretreating  Feriod 

days 

Test  No. 

Optimum  Moisture  Content 

25.5  * 

Percent  Additive 

8 

(Clay-Lime  Mixtures) 

Mix  Design 

Date  Constructed 

tlv  .  i 

Wt,  Lime  (  *3  ^) 

1 »  ««. 

Date  Broken 

■ 1  W  i  Y  ji 

Wt.  Asphalt  ( 

pm. 

Curing  Period 

7 

days 

Wt.  Soil  +  8.f$  H20 

6  JOQfOfro. 

Soaking  Period 

1 

day 

Wt.  Water 

'I  1  PjOotj. 

Immersion  Period 

days 

Moulding  Moisture  Content 

Results 

Container  No. 

£ 

Aver.  Dry  Unit  Wt.  - 

pcf 

Wt.  Wet  Soil  +  Tare 

1  '8.33  gm. 

Aver.  Unconf.  Load  - 

lbs. 

114.2 

Wt.  Dry  Soil  +  Tare 

150.96  gm. 

Aver.  Unconf.  Press. 

-  psi 

34.7 

Wt.  Moisture 

gm. 

Aver.  Soaked  Moist. 

-* 

27.0 

Wt.  Tare 

79.13  m. 

Aver.  Water  Absorption  -  *jo 

2,56 

Wt.  Dry  Soil 

• "  '  firm. 

Aver.  Swelling  -  $ 

2.37 

Moisture  Content 

24.2  io 

Sample  No: 

33A77 

33A74 

33A75 

37376 

3"  '■77 

33  *  78 

Sample  Heivht  -  inch 

4 , 052 

4,044 

4.0.53 

4 . 053 

4.038 

4 . 049 

Wt.  Wet  Sample  -  gm. 

nqc  4  ? 

..JO  6.29 

397*51 

395.54 

395.32 

396.49 

Dry  Unit  Wt.  -  pcf 

94.4 

.  95,1 

.■.-2.4,9 

>4 , 5 

95.0 

95.0 

Unconf.  Load  -  lbs. 

10^.6 

94.6 

126.5 

115.5 

116.6 

123.5 

Unconf.  Press.  -  psi 

^7  0 

_ -  • _ 

26. 

13.5 

35.0 

35.5 

38.4 

Tare  No: 

6 

2 

3  . 

4 

.  5 

1 

Wt.  Wet  Soil  +  Tare 

446n3i 

44  3.33 

445.30 

444.50 

446.73 

445,95 

Wt.  Dry  Soil  +  Tare 

360.78 

362.25 

360.35 

360.07  . 

361.16 

361 .00 

Wt.  Moisture 

65.98 

86.08 

84.95 

84.4: 

75.58 

e  .  9r- 

Wt.  Tare 

45.10 

44.4c 

43.35 

45.65 

44.60 

4*+,  92 

Wt.  Dry  Soil 

315.28 

717.85 

: 17.00 

114.42 

316.55 

716.08 

Soaked  Moist.  Cont.  ^ 

37.3 

27.1 

26.8 

2  6.9 

:  7.1 

26.° 

University  of  Alberts 
CLAY- LIME -ASP HALT  STABILIZATION 


Pretreating  Period 

days 

Tent  No. 

79.-84 

Optimum  Moisture  Content 

* 

Percent  Additive 

4  • 

( Clay-Lime  Mixtures) 

Mix  Design 

Date  Constructed 

July  23 

Wt.  Lime  (  $) 

gra. 

Date  Broken 

Au.  us 

Wt.  Aephalt  (  ^) 

6  3 .  6 

gm  . 

Curing  Period 

28 

days 

Wt.  Soil  °fo  H20 

0 

CT). 

Soaking  Period 

day 

Wt.  Water 

412.0 

m. 

Immersion  Period 

days 

Moulding  Moisture  Content 

Results 

Container  No. 

Aver.  Dry  Unit  Wt.  - 

pcf 

94.7 

Wt.  Wet  Soil  +  Tare 

162.41 

gm. 

Aver.  Unconf.  Load  - 

lbs. 

204.8 

Wt.  Dry  Soil  +  Tare 

1  i’5.4S 

gTD. 

Aver.  Unconf.  Press. 

-  psi 

64  i,  0 

Wt.  Moisture 

16.93 

g®. 

Aver.  Soaked  Moist. 

-  * 

24.9 

Wt.  Tare 

’6.39 

g® . 

Aver.  Water  Absorption  -  ^ 

1  .42 

Wt.  Dry  Soil 

70.09 

gw. 

Aver.  Swelling  -  io 

1.45 

Moisture  Content 

24.20 

Sample  No: 

.»  70 

73A80 

33  A  81 

33  A  82 

33  A," 

33A84 

Sample  Height  -  inch 

.  4.04, 

4.060 

4.048 

/i  n On 

'  e  ■ 

4.043 

4,050 

Wt.  Wet  Sample  -  gm. 

794.48 

395.9 

397.2 

395.9 

394.7 

394.0 

Dry  Unit  Wt.  -  pcf 

_ 

-  .94,? 

95.2 

°4 . 1 

94.6 

94.7 

Unconf.  Load  -  lbs. 

''18.4 

205.7 

'"3 .  ~ 

'’04. 0 

705.0 

206.9 

Unconf.  Press.  -  psi 

65j3 

62.7 

68.1 

^2.6 

62.7 

62.8 

Tare  No: 

  X 

9 

7 

4  ' 

.  5 

6 

Wt.  Wet  Soil  +  Tare 

433.59 

440,49 

440.30 

04l . 13 

439.47 

439.ll 

Wt.  Dry  Soil  +  Tare 

36o.4: 

0.31 

4 60,99 

2 « 46 

360.59 

361.70 

Wt.  Moisture 

79.17 

79.68 

79.51 

77-  o-> 

f  9 

78.88 

77.41 

Wt.  Tare 

44.96 

44.42 

43.40 

45,6.3 

44.61 

45.09 

Wt.  Dry  Soil 

71 5.^6 

316.39 

1  .59 

* 

314.98 

316.61 

Soaked  Moist.  Cont.  ^ 

4*3—. 

■  ■■■««  ■  ..J 

2k.2 

..^*2, 

.•  a  5  . 

> 


University  of  Alberta 
CLAY-LIME-ASPHALT  STABILIZATION 


Pretreating  Period 

days 

Teat  No. 

Optimum  Moisture  Content 
( Clay-Lime  Mixtures) 

.f  io 

Percent  Additive 

J  '  ' 

Mix  Design 

Date  Constructed 

Wt,  Lime  (  $>) 

.  KTTl. 

Date  Broken 

August  1 

Wt.  Asphalt  (  f) 

_ _ _ %->  • 

Curing  Period 

days 

Wt.  Soil  +  3.5#  H20 

'>0'.  <rra. 

Soaking  Period 

day 

Wt.  Water 

Moulding  Moisture  Content 

41  .  era. 

Immersion  Period 

Results 

days 

Container  No. 

Aver.  Dry  Unit  Wt.  -  pcf 

6. 

Wt.  Wet  Soil  +  Tare 

1 6^  .  OfiTD. 

Aver.  Unconf.  Load  -  lbs. 

89.8 

Wt.  Dry  Soil  +  Tare 

1  a.28«m. 

Aver.  Unconf.  Press.  -  psi 

27 .5 

Wt.  Moisture 

'  .Cot. 

Aver.  Soaked  Moist.  -  # 

27.6 

Wt.  Tare 

.S4,4Bgn. 

Aver.  Water  Absorption  -  # 

7.79 

Wt.  Dry  Soil 

Moisture  Content 

,5.1# 

Aver.  Swelling  -  # 

_ LJ5> 

Sample  No: 

34185 

34A86 

94187 

34A86 

3.4A89 

34190 

Sample  Heivht  -  inch 

.  .065 

4.082 

4.0  58 

4.079 

4.06? 

6..075 

Wt.  Wet  Sample  -  gm. 

. 996.43 

395.46 

195.8? 

395.72  . 

33  S  5':’ 

-39.31 

Dry  Unit  Wt.  -  pcf 

°3.9 

32.4 

p 

* 

93.4 

93.6 

93.5 

Unconf.  Load  -  lbs. 

105.6 

y  *  2 

97.9 

1C  0 
-V  «  ^ 

100.1 

66. 0 

Unconf.  Press.  -  psi 

91.9 

25.  j 

23.5 

.  25. ? 

0.2 

10.9 

Tare  No: 

1 

2 

n 

4 

5 

6 

Wt.  Wet  Soil  +  Tare 

4  -P.81 

446.78 

445.82 

443.83 

447.05 

444.22 

Wt.  Dry  Soil  +  Tare 

161.-0 

967.95 

7t1.53 

36,1.59 

3.60.30 

358.19 

Wt.  Moisture 

37.61 

on 

37.ro 

36.95 

86.03 

Wt.  Tare 

44.02 

44.40 

43.15 

4  5 . 65 

44 . 60 

45.IO 

Wt.  Dry  Soil 

:■  16.48 

.319.55 

315.18 

'IS' '4 

;  1 5 .  70 

3 13 •09 

Soaked  Moist.  Cont.  "9 

27.6 

27. 7 

27.7 

"7.6 

~v7  < 

27.5 

University  of  Alberta 


CLAY. 

-LIME-ASPHALT 

STABILIZATION 

Pretreating  Period 

days 

Teat  No. 

91-9'' 

Optimum  Moisture  Content 

j?4.6 

Percent  Additive 

( Clay-Lime  Mixtures) 

Mix  Design 

Date  Constructed 

.lujy  74 

Wt.  Lime  (  1 

n /:  #  ‘i  a™  • 

Date  Broken 

Amruflt  2 

Wt.  Asphalt  (  $>) 

.6  pm. 

Curing  Period 

days 

Wt.  Soil  +8 .  5  £  H20 

' *jo  #ift  cm. 

Soaking  Period 

1 

day 

Wt#  Water 

•  pm . 

Immersion  Period 

days 

Moulding  Moisture  Content 

Results 

Container  No. 

T 

Aver.  Dry  Unit  Wt.  - 

pcf 

O'}  o 

Wt.  Wet  Soil  +  Tare 

-155.  ad. 

Aver.  Unconf.  Load  - 

lbs. 

227-15 

Wt.  Dry  Soil  +  Tare 

-0.  ft n. 

Aver.  Unconf.  Press. 

-  psi 

63.9 

Wt.  Moisture 

.  lU.OTpn. 

Aver.  Soaked  Moist.  - 

-  * 

r>5.53 

Wt.  Tare 

80.;’  m. 

Aver,  Water  Absorption  -  5° 

1.34 

Wt.  Dry  Soil 

>0, 

Aver.  Swelling  -  $ 

1.41 

Moisture  Content 

a  ?  d, 

Sample  No: 

.14,191 

34,19, 

'  4  A  99 

'4,-74 

.3  4  a?  5 

34A96 

Sample  Height  -  inch 

•4  f  C 18 

T  OPP 

.061 

’•'.067 

4.057 

4 , 0  66 

Wt.  Wet  Sample  -  cm. 

i  333.3.. 

9 

n96.fi 

395.1 

394.2 

395.1 

Dry  Unit  Wt.  -  pcf 

9-4.1 

Qiv  O 

94.0' 

93.6 

90.8 

93.8 

Unconf.  Load  -  lbs. 

26;  .1 

7  40  7 

-37. 

7  p  ' .  0 

203 . 6 

’76.0 

Unconf.  Press.  -  p9i 

30,30 

7C  .30 

71 , 30 

70.3 

6]  .7 

53.4 

Tare  No: 

n 

4 

5 

6 

Wt.  Wet  Soil  +  Tare 

438,10 

'33  .pi 

43  . 9  4 

440.95 

4o  <0 

‘tj)  « 

439.99 

Wt.  Dry  Soil  +  Tare 

356. -.2 

.  L6 

35  .49 

3 60 . 85 

^52.96 

360. ^3 

Wt.  Moisture 

7?.63‘ 

...73.1" 

2  T 
'  e 

80.10 

80.56 

79.76 

Wt.  Tare 

64  ,  ^6 

44.4: 

1  ^  :  vr 

e 

45.68 

44.61 

45.09 

Wt,  Dry  Soil 

919.46 

-no .73 

32  5.'" 

315.17 

313,35 

H!  .14 

Soaked  Moist.  Cont.  $ 

0  <  .4 

..  26.6 

-  -25.8, 

<.7 

_ 

University  of  Alberta 


CLAY- LIME -ASPHALT  STABILIZATION 


\19 


Pretreating  Period  \ 

days 

Test  No. 

9.ZaIQ2 

Optimum  Moisture  Content 

26.7  * 

Percent  Additive 

10 

(Clay-Lime  Mixtures) 

Mix  Design 

Date  Constructed 

J.uly-25 

Wt.  Lime  (  f  %) 

Date  Broken 

Au.rust  1 

Wt.  Asphalt  (  5  4) 

HiUZ.  *"• 

Curing  Period 

days 

Wt.  Soil  +8.7  i°  ^2^ 

25QQ..Q  «m* 

Soaking  Period 

day 

Wt,  Water 

My.  m. 

Immersion  Period  7 

days 

Moulding  Moisture  Content 

Results 

Container  No. 

2 

Aver.  Dry  Unit  Wt.  -  pcf 

92.4 

Wt.  Wet  Soil  +  Tare 

165*02  «m. 

Aver.  Unconf.  Load  -  lbs. 

41.8 

Wt,  Dry  Soil  +  Tare 

145.49  go. 

Aver.  Unconf.  Press.  -  psi 

■  JLla2.. 

Wt.  Moisture 

-12 tU  g»* 

Aver.  Soaked  Moist,  -  $ 

W  t .  Tare 

76.41  m. 

Aver.  Water  Absorption  -  $ 

1 

Wt.  Dry  Soil 

70c08  Km. 

Aver.  Swelling  -  $ 

12.36 

Moisture  Content 

27.9  jt 

Sample  Not 

51B97 

51B98 

51B99 

51B100 

51B101 

51B102 

Sample  Height  -  inch 

- 

O 

• 

-3- 

)  4.03< 

4.030 

4.042 

4.032 

4.038 

Wt.  Wet  Sample  -  gm. 

h  394.8 

395.6  . 

395.0 

395.9 

396.0 

395.8 

Dry  Unit  Wt.  -  pcf 

92*3 

92.4  . 

■  92.3 

92.4 

92.7 

92.6 

Unconf.  Load  -  lbs. 

39.6 

40*7 

42.9 

45.1 

40.7 

41.8 

Unoonf.  Press.  -  psi 

11.25 

11.66. 

12*20 

12*75 

11.49 

11.80 

Tare  No» 

la 

.  2a 

3a 

4a 

5a 

6a 

Wt.  Wet  Soil  +  Tare 

.  458.97 

463.0 6 

521.48 

523.21 

520.05 

521.20 

Wt.  Dry  Soil  +  Tare 

346.88 

350.24 

409*11 

410.30 

406*42 

408.45 

Wt.  MoiBture 

112-09 

112-82 

112-37 

112-91 

113.63 

 112*75 

Wt.  Tare 

43.20 

43.48 

102.92 

103.12 

98.89 

101.72 

Wt,  Dry  Soil 

.  303.68 

306.76 

306.19 

307.18 

307.53 

306.73 

Soaked  Moist.  Cont.  fo 

36.9 

36.8 

36.7 

36.7 

36.9 

36.8 

■ — 

. 
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CLAY-LIMP  -ASPHALT  STAB I LIZ A  riON 


Pre treating  Period  j 

d  a.v  s 

Teat  No. 

103-108 

Optimum  Moisture  Content 

26.7  £ 

Percent  Additive 

JLQ_ 

( Clay-Lime  Mixtures) 

Mix  Design 

Date  Constructed 

Jxily-26 

Wt.  Lime  ( 

gra. 

Date  Eroken 

August  8 

Wt.  Asphalt  (  5 

,  114.2 

Curing  P -tried 

days 

Wt.  Soil  +8.7<  H20 

2SQQ.0 

Soaking  Period 

day 

Wt.  Water 

_ 400.0  gm . 

Immersion  Period 

JJl 

days 

Moulding  Moisture  Content 

Results 

Container  No. 

1 

Aver.  Dry  Unit  Wt,  - 

pc  f 

92.4 

Wt,  Wet  Soil  +  Tate 

-1.5 Z,«  $2  6®» 

Aver.  Unoonf,  load  - 

lbs . 

Wt.  Dry  Soil  +  Tare 

140.46  gn . 

Aver.  Unconf.  Press. 

-  pel 

-9^54- 

Wt.  Moisture 

17.06  gm. 

Aver.  Soaked  Moist. 

-  1° 

42.46 

Wt .  Tare 

79.14  gm. 

Aver,  Water  Absorption  -  ^ 

10.84 

Wt.  Dry  Soil 

61.12  gm . 

Aver.  Swelling  -  ?£ 

J2SLSL 

Moisture  Content 

27.8  < 

Sample  No: 

5UB103 

H - - 

51B104!  51B105 

51B106 !  51B107 

51B108 

Sample  Height  -  inch 

4.023 

l 

4.02$  4.047 

4.03? 

4.031 

4.036 

a  t .  ‘V e  t  Sam  p  1  e  -  gm , 

395.1 

'  i  ^ 

395.5  395.4 

396.5 

395.8 

395.4 

' 

Dry  Unit  wt.  -  pcf 

I 

92.6 

+ 

92.6  92.2 

92.6  , 

9ft. 4 

92.3 

L . 

Tvconf.  Load  -  lbs. 

27.4 . 

.  36.3  _  35.2  . 

37.4  35.2 

31.9 

Unccnf.  Press.  -  psi 

_ 

10.03 

9.711  9.48 

10.03  l  9.43  8.55  j 

Tare  No: 

u 

2a 

TT 

.  3a  .  4a 

5a 

6a 

Wt.  Wet  Soil  +  Tare 

478.79  . 

479.35 

! 

528.27  538.37 

537.45 

534.05 

Wt.  Dry  Soil  +  Tare 

348.22 

j  i  ! 

349.22  Aoo.98  |  408.78  404.40 

1 

407.45 

Wt.  Moisture 

130.57  i  130.13 

127.29 

129.59 

133.05 

12  6.60 

Wt.  Tare 

43.18  43.50 

102.85 

103.09 

98.90 

101.67 

■It.  Dry  Soil 

!  '  ~ 

305.04  305.72 

298.13 

305.69 

305.50 

305.78 

..'caked  Moist.  Cor.i.  ^ 

42.8.1,  42.4 

42.7  42o4 

43.0 

41.3 

University  of  Alberts 
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CLAY. 

-LIME -ASPHALT 

STABILIZATION 

Pretreating  Feriod  2 

days 

Test  No. 

109-114 

Optimum  Moisture  Content 

26.6  % 

Percent  Additive 

10 

(Clay-Lirae  Mixtures) 

Mix  Design 

Date  Constructed 

July  2.6 

Wt.  Lime  (  5 

114.2  cm. 

Date  Broken 

Au/rust  2 

Wt.  Asphalt  (  ?  f) 

114.2  gm. 

CurinK  Period 

days 

wt.  Soil  +  8.7  %  H20 

-21QQ.0 

SoakinK  Period 

day 

Wt.  Water 

400.0  gm. 

Immersion  Period 

JZ 

days 

Moulding  Moisture  Content 

Results 

Container  No. 

2 

Aver.  Dry  Unit  Wt,  - 

pcf 

94.3 

Wt.  Wet  Soil  +  Tare 

169*78  oti. 

Aver.  Unconf.  Load  - 

lbs. 

J9.Q 

Wt.  Dry  Soil  +  Tare 

152.20  gm. 

Aver.  Unconf.  Press. 

-  psi 

JQ.92. 

Wt.  Moisture 

17.58  RID. 

Aver.  Soaked  Moist. 

-  1o 

Wt.  Tare 

84.50  Km. 

Aver,  Water  Absorption  -  i<> 

6.66 

Wt.  Dry  Soil 

67.70  Km. 

Aver.  Swelling  -  $ 

12.70 

Moisture  Content 

25.9  * 

Sample  No: 

52B109 

52B110 

62B111 

52B112 

52B113 

52B114 

Sample  Heicht  -  inch 

4.035 

4.02( 

4.043 

4.022 

4.032 

4.047 

Wt.  Wet  Sample  -  cm. 

397*5 

397.0 

398.0 

395.6 

396.5 

396.8 

Dry  Unit  Wt.  -  pcf 

94.4 

94.7 

94.3 

94.3 

94.2 

94.0 

Unconf.  Load  -  lbs. 

39.6 

36.3 

36.3 

44.0 

39.6 

38.3 

Unconf.  Press.  -  psi 

11*19 

10.13 

10.30 

12.40 

11.12 

10.82 

Tare  No: 

1 

2 

3 

4 

5 

6 

Wt.  Wet  Soil  +  Tare 

466.48 

465.52 

465.23 

464.61 

464.19 

465.62 

Wt.  Dry  Soil  +  Tare 

356.40 

.  355*93 

355.44 

355.50 

354.61 

355.83 

Wt,  Moisture 

110.08 

109*59 

109.79 

109.11 

109.58 

109.79 

Wt.  Tare 

44.92 

44.40 

43-35 

45.65 

44.60 

45.10 

Wt.  Dry  Soil 

311.48 

311.53 

312.09 

309.85 

310.01 

310.73 

Soaked  Moist.  Cont.  ^ 

35*4 

35.2 

35.2 

35.3 

35.3 

35.3 

V 

' 


University  of  Alberta 
CLAY- LIME- ASPHALT  STABILIZATION 


Pretreating  Period 

days 

Teat  No. 

115-120 

Optimum  Moisture  Content 

2A.  6  _  * 

Percent  Additive 

10 

(Clay-Lime  Mixtures) 

Mix  Design 

Date  Constructed 

Julx  Zf> 

Wt.  Lime  (  5 

114.2  «m. 

Date  Broken 

AuKuet  9 

Wt.  Asphalt  (  5  %) 

CurinK  Period 

days 

Wt.  Soil  +  8.7$  HpO 

2500. Oktu. 

SoakinK  Period 

14 

day 

Wt.  Water 

400.0  pm. 

Immersion  Period 

14 

days 

Moulding  Moisture  Content 

Results 

Container  No. 

1 

Aver.  Dry  Unit  Wt.  - 

pcf 

94.3 

Wt.  Wet  Soil  +  Tare 

163.98  gm. 

Aver.  Unconf.  Load  - 

lbs. 

29.7 

Wt.  Dry  Soil  +  Tare 

146.92  gm. 

Aver.  Unconf.  Press. 

-  psi 

8.0 

Wt.  Moisture 

I7a06  gm. 

Aver.  Soaked  Moist. 

-$ 

41.3 

Wt.  Tare 

80«31  Km. 

Aver.  Water  Absorption  -  $ 

10.83 

Wt.  Dry  Soil 

66.61  Km. 

Aver.  Swelling  -  $ 

19.60 

Moisture  Content 

2£v.  6  $ 

Sample  No: 

52B115 

52B116 

52B117 

52B118 

52B119 

52B120 

Sample  Heivht  -  inch 

4.035 

4.02! 

4.043 

4.031 

4.041 

4.042 

Wt.  Wet  Sample  -  Km. 

396.4 

396.1 

396.7 

396.5 

397.3 

393.3 

Dry  Unit  Wt.  -  pcf 

94.2 

94.4 

94.2 

94.3 

94.2 

94.2 

Unconf.  Load  -  lbs. 

31.9 

28.6 

30.8 

28.6 

27.5 

30.8 

Unconf.  Press.  -  psi 

8.63 

7.71 

8.32 

7.73 

7.42 

8.23 

Tare  No: 

.  la 

.  2a 

3a 

4a 

5a 

6a 

Wt.  Wet  Soil  +  Tare 

479.70 

480.04 

540.98 

540.17 

536.77 

539.11 

Wt.  Dry  Soil  +  Tare 

352.37 

351.97 

411.84 

412.23 

408.80 

411.99 

W  t .  Mo  i  s  tur  e 

127.33 

128.07 

129.24 

127.94 

127,97 

127.12 

Wt.  Tare 

43.18 

.  43.50 

102.85 

103.09 

100.10 

101.67 

Wt.  Dry  Soil 

309.19 

308.47 

308.99 

309.14 

309.90 

310.32 

Soaked  Moist.  Coni.  $ 

41.2 

41.5 

41.5 

41.4 

41.3 

41.0 

University  of  Alberta 
CLAY- LIME -ASPHALT  STABILIZATION 
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Pretreat ing  Period 

days 

Test  No. 

121-126 

Optimum  Moisture  Content 

25.5  < 

Percent  Additive 

10 — 

(Clay-Lime  Mixtures) 

Mix  Design 

Date  Constructed 

Julv  27 

Wt.  Lime  (  5 

114-2  gm. 

Date  Broken 

August  "3 

Wt.  Asphalt  (  5  fl) 

114,2  pm. 

Curing  Period 

days 

Wt.  Soil  ♦ 8.7^  H20 

?  500 . 0  # 

Soaking  Period 

day 

Wt.  Water 

400.0  pm. 

Immersion  Period  7 

days 

Moulding  Moisture  Content 

Results 

Container  No. 

1 

Aver.  Dry  Unit  Wt.  -  pcf 

93.2. 

Wt,  Wet  Soil  +  Tare 

158.95  gm. 

Aver.  Unconf.  Load  -  lbs. 

42.7 

Wt.  Dry  Soil  +  Tare 

142.57  gm. 

Aver.  Unconf.  Press.  -  psi 

-12...  0 — 

Wt.  Moisture 

Jj*2Q-  «“• 

Aver.  Soaked  Moist.  -  $ 

36.2 

Wt.  Tare 

8Q.31 

Aver.  Water  Absorption  -  $ 

6.10 

Wt.  Dry  Soil 

62.26  gm. 

Aver.  Swelling  -  $ 

■12*35.. 

Moisture  Content 

-2£«,3  .  * 

Sample  No: 

53B121 

53B122 

53B123.. 

53B124 

53B126 

53B126 

Sample  Height  -  inch 

4.017 

4.03: 

4.038 

4.042 

4.038 

4.008 

Wt.  Wet  Sample  -  gm. 

393.5 

394.7 

394.4 

394.2 

393.9 

392.0 

Dry  Unit  Wt.  -  pcf 

93.3 

93.3 

93.2 

93.2  . 

93.1 

93.2 

Unconf.  Load  -  lbs. 

39.6 

39.6 

40.7 

39.6 

47.3 

99.5 

Unconf.  Press.  -  psi 

11-19 

11-15 

m±9 

11-22 

13.36 

13.89 

Tare  No: 

la 

2a  . 

3a 

4a 

6a 

6a 

Wt.  Wet  Soil  +  Tare 

459.86 

460.49 

519.61 

491.90 

514.88 

514.78 

Wt.  Dry  Soil  +  Tare 

349.34 

.349.64 

409.37 

388.68 

405.00 

403,63 

Wt.  Moisture 

110.56 

110.85 

110.24 

103.42 

109.88 

111.15 

Wt.  Tare 

43.18 

.  43.50 

102-85 

103-09 

109.88 

101.67 

Wt.  Dry  Soil 

306.16 

.306.14 

306-52 

285-49. 

3Q6.10 

301.96 

Soaked  Moist.  Cont.  ^ 

36.1 

36.2 

36.0 

36.2 

35.9 

36.8 

CLAY- 

-LIME-ASPHALT 

STABILIZATION 

i'i.V 

Fretreatinc  Feriod  1 

days 

Test  No. 

127-132 

Optimum  Moisture  Content 
(Clsy-Lirae  Mixtures) 

Mix  Design 

23.*  * 

Percent  Additive 

Date  Constructed 

.IP— 

r^lY  .37 

Wt.  Lime  (  5  $) 

114,5  cm. 

Date  Broken 

August  10 

Wt.  Asphalt  (  5  $>) 

nk.A  cm. 

Curing  Feriod 

days 

Wt.  Soil  +8.7  ^  HjO 

2500.0  cm. 

Soaking  Feriod 

day 

Wt.  Water 

Moulding  Moisture  Content 

400.0  cm. 

Immersion  Period  14 

Results 

days 

Container  No. 

J 

Aver.  Dry  Unit  Wt.  -  pcf 

21.2 

Wt.  Wet  Soil  +  Tare 

157.85  cm. 

Aver.  Unconf.  Load  -  lbs. 

31.7 

Wt.  Dry  Soil  +  Tare 

.15 

Aver.  Unconf.  Press.  -  psi 

8.56 

Wt.  Moisture 

l6o70  cm. 

Aver.  Soaked  Moist.  -  fo 

41.23 

Wt.  Tare 

77.44 

Aver.  Water  Absorption  -  i° 

9.99 

Wt.  Dry  Soil 

Moisture  Content 

63°  71  cm. 

26.2  < 

Aver.  Swelling  -  $ 

18.99 

Sample  No: 

53N127 

53B128 

53B129 

53B130 

53B131 

53B132 

Sample  Height  -  inch 

4.024 

4.044 

4.032 

4.025 

4.029 

4.044 

Wt.  Vet  Sample  -  cm. 

394.1 

395.0 

394.0 

394.1 

393.4 

394.5 

Dry  Unit  Wt.  -  pcf 

93. ^ 

93.3 

93.2 

93.3 

93.1 

93.2 

Unconf.  Load  -  lbs. 

35.2 

31.9 

31.9 

29.7 

33,0 

28.6 

Unconf.  Press.  -  psi 

9.50 

8.63 

8.59  „ 

8.02 

8.90 

7.72 

Tare  No: 

1 

2 

3 

4 

5 

6 

Wt.  Wet  Soil  +  Tare 

475.52 

476.07 

474.26 

476.61 

474.39 

475.60 

Wt.  Dry  Soil  +  Tare 

349.60 

^49.99 

348.09 

351.23 

. -349.00 

351.05 

Wt.  Moisture 

125.92 

127.08 

127.17 

125.38 

125.39 

124.55 

Wt.  Tare 

44.95 

44.41 

43.39 

45.68 

44.60 

45.09 

Wt.  Dry  Soil 

304.65 

305.58 

304.70 

305.55 

304.40 

305.96 

Soaked  Moist.  Cor.t. 

41.3 

41.6 

41.4 

41.1 

41.2 

40.8 

University  of  Alberta 
CLAY- LIME -ASP HA l/T  STABILIZATION 
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Pretreatin^  Period  l 

daye 

Test  No. 

133-136 

Optimum  Moisture  Content 

24.8  < 

Percent  Additive 

io 

( Clay-Lime  Mixtures) 

Mix  Desi/m 

Date  Constructed 

July  20 

Wt.  Lime  (  5  i) 

114.2  pm. 

Date  Broken 

August  J 

Wt.  Asphalt  (  5 

114.2  (m. 

Curing  Period 

day9 

Wt.  Soil  +8.7  i  HjO 

2600.0  cm. 

Soaking  Period 

day 

Wt.  Water 

400.0  ^m. 

Immersion  Period 

z 

days 

Moulding  Moisture  Content 

Results 

Container  No. 

2 

Aver.  Dry  Unit  Wt.  - 

pcf 

93.9 

Wt.  Wet  Soil  +  Tare 

160.20pm. 

Aver.  Unconf.  Load  - 

lbs. 

36.1 

Wt.  Dry  Soil  +  Tare 

I43.?4«m. 

Aver.  Unconf.  Press. 

-  psi 

10-13 

Wt.  Moisture 

l6-76pm. 

Aver.  Soaked  Moist. 

-  i 

35.3 

Wt.  Tare 

79. Ilf*. 

Aver.  Water  Absorption  -  i 

■J?x2L. 

Wt.  Dry  Soil 

64.11Pm. 

Aver.  Swelling  -  i 

13.33 

Moisture  Content 

26.1  $ 

Sample  No: 

54B137 

54B134 

64B136 

14B136 

64B137 

54B138 

Sample  Height  -  inch 

4.043 

4.042 

4.041 

4.035 

4.041 

4.044 

Wt.  Wet  Sample  -  pm. 

396.0 

397.3 

397.3 

397.0 

396.3 

396.2 

Dry  Unit  Wt.  -  pcf 

93.9 

94.1 

94-1 

94-Q 

91^9 

93.7 

Unconf.  Load  -  lbs. 

33.0 

36.3 

36.3 

36.3 

35.2 

39.6 

Unconf.  Press.  -  p9i 

9.40 

10.13 

10.13 

10.15 

9.89 

11.11 

Tare  No: 

 1 

2 

3 

4 

5 

6 

Wt.  Wet  Soil  +  Tare 

467.92 

467.70 

468.95 

469.95 

466o08 

466*50 

Wt.  Dry  Soil  +  Tare 

357.49 

357.65 

358.27 

358.08 

356d9 

357.22 

Wt.  Moisture 

110 o 43 

110.05 

110.68 

111.87 

109.89 

109.28 

Vt.  Tare 

44.95 

44.41 

43.35 

45.68 

44.62 

45.09 

Wt.  Dry  Soil 

312-14 

312 -24 

nli RR 

'll  2 -4ft 

m  -17 

Soaked  Moist.  Cont. 

— 21.-2  

3J.3  

... 

2M 

35.3 

35.0 

. 


1 

University  of  Alberta 
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o 

M 

-< 

1 

■  LIME -ASP  HALT 

STABILIZATION 

* 

Pretreating  Feriod  4 

days 

Test  No. 

119-144 

Optimum  Moisture  Content 

24.8  < 

Fercent  Additive 

..10.  - 

(Clay-Liroe  Mixtures) 

Mix  Design 

Date  Constructed 

July  28 

Wt.  Lime  (5  $) 

114.2  *m. 

Date  Broken 

August  11 

Wt.  Asphalt  (  J  fi) 

114.2  Pr n. 

Curing  Period 

days 

Wt.  Soil  +8*7  ^  H2O 

2*00. Orm. 

Soaking  Period 

day 

Wt.  Water 

iinn.n  m. 

Immersion  Period 

14 

days 

Moulding  Moisture  Content 

Results 

Container  No. 

2 

Aver.  Dry  Unit  Wt.  - 

pcf 

94.0 

Wt.  Wet  Soil  +  Tare 

160.20  pm. 

Aver.  Unconf.  Load  - 

lbs. 

25.85 

Wt.  Dry  Soil  +  Tare 

.i&*ai 

Aver.  Unconf.  Press. 

-  psi 

Wt.  Moisture 

17a33  «“• 

Aver.  Soaked  Moist. 

-  1° 

Wt.  Tare 

-ZlaitS  «m. 

Aver.  Water  Absorption  -  $ 

10.89 

Wt.  Dry  Soil 

67.41  gm. 

Aver.  Swelling  -  $ 

19.04 

Moisture  Content 

25.8  < 

Sample  No: 

54B139 

54B140 

54B141 

54B142 

54B143 

54B144 

Sample  Heivht  -  inch 

4.038 

4.035 

4.044 

4.041 

4.040 

4,049 

Wt.  Wet  Sample  -  gm. 

39  6.6 

396.3 

396.8 

396.7 

296.8  . 

396.6 

Dry  Unit  Wt.  -  pcf 

94.0 

94.0 

94.0 

94.1 

94.1 

93.9 

Unconf.  Load  -  lbs. 

26.4 

27.5 

25.3 

24.2 

26.4 

25.3 

Unconf.  Press.  -  psi 

7.16 

7.45 

6.83 

6.57 

7-.  15  . 

6.86 

Tare  Nos 

1 

2 

3 

4 

5 

6 

Wt.  Wet  Soil  +  Tare 

481.09 

480.11 

479.59 

481.80 

480.10 

480.87 

Wt.  Dry  Soil  +  Tare 

356.91 

356,39 

355.86 

358.29 

357.38 

356.93 

Wt.  Moisture 

124.18 

123.72 

123.73 

123.51 

122.72 

123.94 

Wt.  Tare 

44.95 

44.41 

43.39 

45.68 

44.60 

45.09 

Wt.  Dry  Soil 

311.96 

311.98 

312.47 

312.61 

312.78 

311o84 

Soaked  Moist.  Cont.  $ 

39.9 

39.7 

39.1 

39.5 

39.3 

39o7 

' 


University  of  Alberta 
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CLAY 

-LIME -ASPHALT 

STABILISATION 

Pretrenting  Feriod  1 

days 

Test  No. 

3AS-JLS0 

Optimum  Moisture  Content 

26.7  a 

Percent  Additive 

8 

( Clay-Lime  MiKtures) 

Mix  Design 

Date  Constructed 

July. 11 

Wt.  Lime  .  (  5  %) 

ll^Q 

Date  Broken 

August  7 

Wt.  Asphalt  (  ^ 

69.0  pm. 

Curing  Period 

days 

Wt.  Soil  +  8  i°  HjO 

fin. 

Soaking  Period 

day 

Wt.  Water 

ifcl6«Q  , 

Immersion  Period  7 

days 

Moulding  Moisture  Content 

Results 

Container  No. 

2 

Aver.  Dry  Unit  Wt.  -  pcf 

93.2 

Wt.  Wet  Soil  +  Tare 

169.82  pa 1. 

Aver.  Unconf.  Load  -  lbs. 

-52*53 

Wt.  Dry  Soil  +  Tare 

152.30  pxa. 

Aver.  Unconf.  Press.  -  psi 

15.17 

Wt.  Moisture 

.17.52  e®. 

Aver.  Soaked  Moist.  -  i° 

35.5 

Wt.  Tare 

.■34.50  3®* 

Aver.  Water  Absorption  - 

6. 80 

Wt.  Dry  Soil 

—67-80  3®  ♦ 

Aver.  Swelling  -  $ 

.,13*64 

Moisture  Content 

25.9  $ 

Sample  No: 

31B145 

313146 

31B147 

31B148 

31B149 

31B150 

Sample  Heisrht  -  inch 

4.031 

4.02^ 

i  4.037 

4.02 1 

4.025 

4.028 

Wt.  Wet  Sample  -  gm. 

401.8 

399.4 

401.2 

399  0  5 

399.7 

401.0 

Dry  Unit  Wt.  -  pcf 

95.6 

95ol 

95.4 

94.9 

95.0 

95.3 

Unconf.  Load  -  lbs. 

49.5 

56.1 

51.7 

50.6 

58.3 

55.0 

Unconf.  Press.  -  psi 

14.11 

15.92 

14.15 

14.35 

16.48 

15.60 

Tare  No: 

1 

2 

3 

4 

5 

6 

Wt.  Wet  Soil  +  Tare 

471.68 

468.68 

470.89 

469.15 

470.40 

470.28 

Wt.  Dry  Soil  +  Tare 

360.37 

358.12 

358.51 

357.58 

359.65 

358.97 

Wt.  Moisture 

111.31 

110.56 

112.38 

111.57 

110.75 

111.31 

Wt.  Tare 

44.95 

44.41 

43.39 

44.62 

45.09 

45.68 

Wt.  Dry  Soil 

315.42 

313.71 

315.12 

313.29 

314.56 

312.96 

Soaked  Moist.  Cont.  ^ 

35.3 

35.3 

35.7 

35.7 

35.3 

35.6 

' 


■ 
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Pretreating  Period 

days 

Test  No. 

151-156 

Optimum  Moisture  Content 

26.7  i 

Percent  Additive 

8 

(Clay-Lime  Mixtures) 

Mix  Design 

Date  Constructed 

JuJxJI 

Wt.  Lime  (5  i) 

115*0  gm. 

Date  Broken 

August  14 

Wt.  Asphalt  (3  i) 

69.0  pm. 

Curing  Period 

days 

Wt.  Soil  +  8  °fo  H20 

?40iUl_  em. 

Soaking  Period 

day 

Wt.  Water 

416.0  pm. 

Immersion  Period 

1L. 

days 

Moulding  Moisture  Content 

Results 

Container  No. 

1 

Aver.  Dry  Unit  Wt.  - 

pcf 

94^9 

Wt.  Wet  Soil  +  Tare 

176.79  «®* 

Aver.  Unconf.  Load  - 

lbs. 

.56.2 

Wt,  Pry  Soil  +  Tare 

XS4,t^C>  g»* 

Aver.  Unconf.  Press. 

-  psi 

15.49 

Wt.  Moisture 

. -19.59  «*• 

Aver.  Soaked  Moist. 

-* 

Wt.  Tare 

80.30  pm. 

Aver.  Water  Absorption  -  i 

8.12 

Wt.  Dry  Soil 

75.90  ffn. 

Aver.  Swelling  -  i 

15.48 

Moisture  Content 

-25u2l.  $ 

Sample  No: 

31B151 

31B152 

31B153 

31B154 

31B155 

31B156 

Sample  Heivht  -  inch 

4.037 

4.04j 

4.043 

4.043 

4.027 

4.050 

Wt.  Vet  Sample  -  pm. 

400.3 

402.1 

399.1 

400.3 

398.4 

398.3 

Dry  Unit  Wt.  -  pcf 

95.2 

95.5 

94.8 

94.8 

94.7 

94.3 

Unconf.  Load  -  lbs. 

58.3 

60.5 

50.6 

55.0 

53.9 

52.8 

Unconf.  Press.  -  psi 

16.45 

16.95 

14.18 

15.42 

15.12 

14.83 

Tare  No: 

1 

2 

3 

4 

5 

6 

Wt.  Wet  Soil  +  Tare 

474.28 

474.45 

472.55 

475.24 

471.61 

472.08 

Wt.  Dry  Soil  +  Tare 

358.13 

359.08 

361.05 

359.75 

356.87 

358.44 

Wt.  Moisture 

116.15 

115.37 

111.50 

115.49 

114.74 

113.64 

Wt.  Tare 

44.96 

44.42 

43.40 

45.68 

44.61 

45.09 

V.t.  Dry  Soil 

313.17 

314.66 

317.65 

314.07 

312.26 

313.35 

Soaked  Moist.  Cont.  i 

37.1 

36.7 

35.3 

36.7 

36.7 

36.3 

. 


Univer3 

ity  of  Alberta 

CLAI 

'-LIME-ASFHALT 

STABILIZATION 

Pre treating  Period  2 

days 

Teat  No. 

l.lZr-li2 

Optimum  Moisture  Content 

26.6 

* 

Peroent  Additive 

...a 

(Clay-Lime  Mixtures) 

Mix  Design 

Wt.  Lime  (  «; 

gm. 

Date  Constructed 

Date  Broken 

August 

August 

Wt.  Asphalt  (  3  fi) 

69.0 

gm . 

Curing  Period 

days 

Wt.  Soil  +  8  io  HjO 

2500.0 

Km. 

Soaking  Period 

day 

Wt.  Water 

416.0 

Km. 

Immersion  Period  7 

days 

Moulding  Moisture  Content 

Container  No. 

1 

Results 

Aver.  Dry  Unit  Wt.  -  pcf 

96.8 

Wt.  Wet  Soil  +  Tare 

177.16 

gm. 

Aver.  Unconf.  Load  -  lbs. 

46.2 

Wt.  Dry  Soil  +  Tare 

159.34 

gm. 

Aver.  Unconf.  Press.  -  psi 

13.09 

Wt.  Moisture 

17.83 

gm. 

Aver.  Soaked  Moist.  -  tfo 

Wt.  Tare 

87.1(1 

gm. 

Aver.  Water  Absorption  -  i<> 

6.-38 

Wt.  Dry  Soil 

72.24 

gm. 

Aver.  Swelling  -  $ 

12.09 

Moisture  Content 

24.7 

* 

Sample  No: 

32B157 

32B158 

32B159 

32B160 

32B161 

32B162 

Sample  Height  -  inch 

4.041 

4.03* 

4.030 

4.035 

4.035 

4.031 

Wt.  Wet  Sample  -  gm. 

h 39?.5 

401.5 

398.4 

400.8 

400.3 

399.8 

Dry  Unit  Wt.  -  pcf 

95.6 

96.2 

95.4 

95.9 

95.9 

95.7 

Unconf.  Load  -  lbs. 

49.5 

49.3 

47.3 

44.0 

47.3 

41.8 

Unconf.  Press.  -  psi 

14.02 

13.45 

13.42 

12.48 

11.38., 

11.79 

Tare  No: 

1 

2 

3 

4 

5 

6 

Wt.  Wet  Soil  +  Tare 

467.91 

468.50 

469.54 

468.59 

468.56 

46.5,79 

Wt.  Dry  Soil  +  Tare 

367.89 

358.28 

258.87 

268.44 

 368.71 

355.96 

Wt.  Moisture 

110.02 

110.22 

110.67 

110.15 

109.85 

109.76 

Wt.  Tare 

44.95 

43.41 

45.65 

44.62 

45.09 

43.39 

Wt.  Dry  Soil 

312.94 

314.87 

31*. 57 

313.19 

313.82 

312.57 

Soaked  Moist.  Coni.  ^ 

35.2 

3  5*0 

35.1 

TC  O 

Q  C  O 

oc  t 

. 
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Pretreating  Period 

days 

Test  No. 

163 1.1 68 

Optimum  Moisture  Content 
(Clay-Lime  Mixtures) 

.£6*6— 

< 

Percent  Additive 

8 

Mix  Design 

Date  Constructed 

August  .1 

Wt.  Lime  (  5 

115.0 

pm. 

Date  Broken 

August  15 

Wt.  Asphalt  (  1  <fi) 

69.0 

pm . 

Curing  Period 

days 

Wt.  Soil  +  8  io  H^O 

2500.0 

rra . 

Soaking  Period 

day 

Wt.  Water 

416.0 

pm . 

Immersion  Period 

14 

days 

Moulding  Moisture  Content 

Results 

Container  No. 

2 

Aver.  Dry  Unit  Wt.  - 

pcf 

96.0 

Wt.  Wet  Soil  +  Tare 

180.4s 

gm. 

Aver.  Unconf.  Load  - 

lbs. 

49.86 

Wt.  Dry  Soil  +  Tare 

161.69 

pm. 

Aver.  Unconf.  Press. 

-  psi 

13.84 

Wt.  Moisture 

18.76 

gm. 

Aver.  Soaked  Moist. 

-* 

37.4 

Wt.  Tare 

84.85 

gm. 

Aver.  Water  Absorption  -  % 

8.48 

Wt.  Dry  Soil 

76.84 

pm. 

Aver.  Swelling  -  $ 

15.64 

Moisture  Content 

24.5 

Sample  No: 

32B160 

32B164 

32B165 

32B166 

32B167 

32B168 

Sample  Height  -  inch 

4.029 

4.036 

4.025 

4.025 

4.032 

4.021 

Wt.  Wet  Sample  -  pm. 

399.8 

400.0 

400.0 

400.0 

399.7 

399.6 

Dry  Unit  Wt.  -  pcf 

95.9 

95.9 

96.1 

96.1 

95.9 

96.2 

Unconf.  Load  -  lbs. 

52.8 

51.7 

51.7 

46.2 

47.3 

49.5 

Unconf.  Press.  -  psi 

14.62 

14.36 

14.29 

12.85 

13.19 

13.76 

Tare  No: 

1 

2 

3 

4 

5 

6 

Wt.  Wet  Soil  +  Tare 

476,61 

475.67 

476.94 

474.92 

475.47 

475.59 

Wt,  Dry  Soil  +  Tare 

358.37 

358.06  ' 

359.85 

357.41 

358.98 

358.60 

Wt.  Moisture 

118.24 

117.61 

117.09 

117.51 

116.49 

116.99 

Wt.  Tare 

45.09 

45.68 

44.61 

43.40 

44.42 

44.96 

Wt,  Dry  Soil 

313.28 

312.38 

315.24 

314.01 

314.56 

313.64 

Soaked  Moist.  Cont.  ^ 

37.7 

37.7 

37.2 

37.4 

37.1 

37.3 

. 


■ 


University  of  Alberta 


CLAY 

-LIME-ASPHALT 

STABILIZATION 

Yb\ 

Pretreating  Feriod  3 

days 

Test  No. 

169-174 

Optimum  Moisture  Content 

25.5 

< 

Percent  Additive 

8 

(Clay-Lime  Mixtures) 

Mix  Design 

Date  Constructed 

Amnia  t  2 

Wt.  Lime  (  _ ft) 

115.0 

gm. 

Date  Broken 

August  9 

Wt.  Asphalt  (  _ *f) 

69.0 

gm . 

Curing  Period 

days 

Wt.  Soil  +  8  io  H2O 

2500.0 

gm  • 

Soaking  Period 

day 

Wt.  Water 

416.0 

gm. 

Immersion  Period  7 

days 

Moulding  Moisture  Content 

Results 

Container  No. 

2 

Aver.  Dry  Unit  Wt.  -  pcf 

94.1 

Wt.  Wet  Soil  +  Tare 

159.38 

gm. 

Aver.  Unconf.  Load  -  lbs. 

42.9 

Wt.  Dry  Soil  +  Tare 

141.68 

gm. 

Aver.  Unconf.  Press.  -  psi 

12.39 

Wt.  Moisture 

15.70 

gra. 

Aver.  Soaked  Moist.  -  i 

35.46 

Wt.  Tare 

84.50 

gra . 

Aver.  Water  Absorption  -  i 

6.49 

Wt.  Dry  Soil 

59.18 

gm. 

Aver.  Swelling  -  i 

12.94 

Moisture  Content 

26.5 

< 

Sample  No: 

32B169 

33B170 

33B171 

33B172 

33B173 

33B174 

Sample  Height  -  inch 

4.020 

4.024 

4.014 

4.028 

4.017 

4.023 

Wt.  Wet  Sample  -  gm. 

399.0 

396.9 

396.7 

399.0 

398.1 

398.5 

Dry  Unit  Wt.  -  pcf 

94.4 

93.8 

93.9 

94.2 

94.3 

94.2 

j 

Unoonf.  Load  -  lbs. 

42.9 

35.2 

47.3 

44.0 

42.9 

45.1 

Unconf.  Press.  -  psi 

12.23 

9.98 

13.51 

12.60 

12.20 

12.81 

Tare  No: 

1 

2 

3 

4 

5 

6 

Wt.  Wet  Soil  +  Tare 

467.30 

464.45 

463.42 

467.88 

466.10 

466.98 

Wt.  Dry  Soil  +  Tare 

357.04 

354.16 

353.59 

357.47 

356.01 

357.13 

Wt.  Moisture 

110.26 

110.29 

109.83 

110.41 

110.09 

109.85 

Wt.  Tare 

44.95 

44.41 

43.39 

45.68 

44.60 

45.09 

Wt.  Dry  Soil 

312.09 

309.15 

310.20 

311.79 

311.41 

312.04 

Soaked  Moist.  Cont.  i 

35.4 

35.9 

35.4 

35.5 

35.4 

35.2 

IS 
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PretrsHtin*  Period  3 

days 

Test  No. 

1Z3-18P 

Optimum  Moisture  Content 

25.5 

i 

Percent  Additive 

0 

( Clay-Lime  Mixtures) 

Mix  Design 

Date  Constructed 

August  .2. 

Wt.  Lime  (  5  i) 

115.0 

RTC. 

Date  Broken 

August  16 

Wt.  Asphalt  (  3  i) 

69.0 

gm . 

Curing  Period 

days 

Wt.  Soil  +  8  io  H20 

2500.0 

gm . 

Soaking  Period 

day 

Wt.  Water 

416.0 

gm. 

Immersion  Period 

14 

days 

Moulding  Moisture  Content 

Results 

Container  No. 

1 

Aver.  Dry  Unit  Wt.  - 

pcf 

94.0 

Wt.  Wet  Soil  +  Tare 

164.13 

go. 

Aver.  Unconf.  Load  - 

lbs. 

36.1 

W't.  Dry  Soil  +  Tare 

146.71 

gm. 

Aver.  Unconf.  Press. 

-  psi 

9.99 

Wt.  Moisture 

17.42 

gm. 

Aver.  Soaked  Moist. 

-* 

3S.5-. 

Wt.  Tare 

80.80 

gm . 

Aver.  Water  Absorption  -  io 

9.21 

Wt.  Dry  Soil 

MAL 

gm. 

Aver.  Swelling  -  i> 

16.03 

Moisture  Content 

26-8 

i 

Sample  No: 

3?B175 

33B176 

33B177 

33B178 

33B179 

33B180 

Sample  Height  -  inch 

4.023 

4.038 

4.046 

4.043 

4.031 

4.038 

Wt.  Wet  Sample  -  gm. 

399.0 

396.9 

396.7 

399.0 

398.1 

398.5 

Dry  Unit  Wt.  -  pcf 

94.4 

93.7 

93.5 

94.1 

94.0 

94.0 

Unconf.  Load  -  lbs. 

42.9 

44.0 

37.4 

30.8 

30.8 

30.8 

Unconf.  Press.  -  psi 

11.96 

12.12 

10.39 

8.48 

8.53 

8.50 

Tare  No: 

1 

2 

3 

4 

5 

6 

Wt.  Wet  Soil  +  Tare 

475.49 

476.31 

462.08 

478.49 

474.56 

476.43 

Wt.  Dry  Soil  +  Tare 

354.35 

355.59 

344.92 

358.60 

354.99 

356.98 

Wt.  Moisture 

121.14 

120.72 

117.16 

119.89 

119.57 

119.45 

Wt.  Tare 

44.9  6 

44.42 

43.40 

45.68 

44.61 

45.09 

Wt.  Dry  Soil 

309.39 

311.17 

301.52 

312.92 

310.38 

311.87 

Soaked  Moist.  Cent,  i 

39.2 

38.8 

38.9 

37.3 

38.5 

38.3 

. 
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CLAY 

-LIME -ASPHALT 

STABILIZATION 

Pretreating  Period  4 

days 

Test  No. 

181-186 

Optimum  Moisture  Content 

24.8 

i 

Percent  Additive 

8 

(Clay-Lime  Mistures) 

Mix  Design 

Date  Constructed 

August  3 

Wt.  Lime  (  5 

g®. 

Date  Broken 

Au/gUPt  JO 

Wt.  Asphalt  ( 

69.0 

gm . 

Curing  Period 

days 

Wt.  Soil  +  8  i*  ^2^ 

2500.0 

pm . 

Soaking  Period 

day 

Wt.  Water 

416.0 

pn. 

Immersion  Period  7 

days 

Moulding  Moisture  Content 

Results 

Container  No. 

1 

Aver.  Dry  Unit  Wt.  -  pcf 

.91.5,. 

Wt.  Wet  Soil  +  Tare 

1-83  »6l 

g®  • 

Aver.  Unconf.  Load  -  lbs. 

33.73 

Wt.  Dry  Soil  +  Tare 

163.76 

g®  • 

Aver.  Unconf.  Press.  -  psi 

9.57 

Wt.  Moisture 

19.85 

g®. 

Aver.  Soaked  Moist.  -  i<> 

34.95 

Wt.  Tare 

87.14 

g®. 

Aver.  Water  Absorption  -  $ 

7.69 

Wt,  Dry  Soil 

76.62 

gm. 

Aver.  Swelling  -  $ 

12*37 

Moisture  Content 

25.9 

* 

Sample  No: 

34B181 

34B182 

34B183 

34B184 

34B185 

34B186 

Sample  Heivht  -  inch 

4.042 

4.052 

4.030 

4.032 

4.033 

4.012 

Wt.  Wet  Sample  -  gm. 

395.0 

396.2 

396.4 

393.2 

393.1 

391.3 

Dry  Unit  Wt.  -  pcf 

93.6 

93.4 

94.2 

93.3 

93.3 

93.3 

Unconf.  Load  -  lbs. 

26.4 

33.0 

37.4 

35*2 

34.1 

36.3 

Unconf.  Press.  -  psi 

7.50 

9.34 

10.60 

9.98 

9.68 

10.30 

Tare  No: 

la 

2a 

3a 

4a 

5a 

6a 

Wt.  Wet  Soil  +  Tare 

524.56 

522.65 

534.69 

641.87 

670.52 

637.97 

Wt.  Dry  Soil  +  Tare 

415.20 

415.80 

425.69 

528.82 

562.41 

529.50 

Wt.  Moisture 

109.36 

106.85 

109.00 

113.05 

108.11 

108.47 

Wt.  Tare 

100.49 

104.91 

110.64 

218.60 

249.90 

220.36 

Wt.  Dry  Soil 

314.71 

310.89 

315.05 

310.22 

31^.51 

309.14 

Soaked  Moist.  Cor.t.  ^ 

34.8 

34.5  1 

34.6 

"  D'^7 

i  34.5, 

34.5 

Universi ty 

of  Alberta 

CLAY 

-LIME-ASPHALT  STABILIZATION 

Pretreating  Period  4 

days 

Test  No. 

193*198 

Optimum  Moisture  Content 

24.8  < 

Percent  Additive 

8 

(Clay-Lime  Mixtures) 

Mix  Design 

Date  Constructed 

August  11 

Wt.  Liras  ( 

115*0  Km. 

Date  Broken 

August  25 

Wt.  Asphalt  (  3  i>) 

69*0  pm . 

Curing  Period 

days 

Wt.  Soil  +  8^  H20 

2 500*0  pm. 

Soaking  Period 

day 

Wt.  Water 

416.0  Km. 

Immersion  Period 

JA- 

days 

Moulding  Moisture  Content 

Results 

Container  No. 

2 

Aver.  Dry  Unit  Wt.  - 

pcf 

„22,  2  

Wt.  Wet  Soil  +  Tare 

178. 49  gm. 

Aver.  Unconf.  Load  - 

lbs. 

30.2 

Wt.  Dry  Soil  +  Tare 

159*28  gm. 

Aver.  Unconf.  Press. 

-  psi 

8.67 

Wt.  Moisture 

19*21  gra . 

Aver.  Soaked  Moist. 

-* 

40.3 

W  t .  Tare 

84.90  . 

Aver.  Water  Absorption  -  i<> 

-£i22. 

Wt.  Dry  Soil 

74.38  gm. 

Aver.  Swelling  -  $ 

18.7 

Moisture  Content 

26.9  j 

Sample  No: 

34B193 

34B194 

—  - -  ■  - - 

34B195 

34B196 

34B197 

34B198 

Sample  Height  -  inch 

4.043 

4.050 

4.048 

4.049 

4.042 

4.040 

fit.  Wet  Sample  -  gm. 

394.20 

394.10 

394.40 

393.20 

393.0 

393.20 

Dry  Unit  Wt.  -  pcf 

93*4 

93*2 

93.3 

93.0 

93.1 

93.2 

Unconf.  Load  -  lbs. 

28.6 

26.4 

34.1 

34.1 

30.8 

27.5 

Unconf.  Press.  -  psi 

8.19 

7.57 

9.79 

9.78 

8.83 

7.90 

Tare  No: 

1 

2 

3 

4 

5 

6 

Wt.  Wet  Soil  +  Tare 

476.27 

476.39 

475.53 

479.24 

476.87 

477.37 

Wt.  Dry  Soil  +  Tare 

352.85 

353*17 

351.29 

352.69 

353.11 

352.97 

Wt.  Moisture 

123*42 

123.22 

124.34 

124.55 

123.76 

124.40 

Wt.  Tare 

44.96 

44.42 

43.40 

45.68 

44.61 

45.09 

Wt.  Dry  Soil 

307.89 

308.75 

309.89 

307.01 

308.50 

207*88 

Soaked  Moist.  Cent.  ^ 

40.2 

39.9 

40.4 

40.7 

40.2 

40.4 

' 
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